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ABSTRACT  
Lives often depend on the timely response of Emergency Medical Services (EMS) and 
the quality of care they provide. The purpose of this project is to understand communication and 
transportation delays among the departments, first responders and healthcare systems involved in 
processing and responding to medical emergency 911 calls, and to develop technological 
solutions that will improve ambulance response times. In order to achieve this, the entire 9-1-1 
call process was examined. This involved studying the different types of EMS models and 
transportation methods. The project presents the various 9-1-1 systems and response methods 
employed across the United States.  The effectiveness of the 9-1-1 systems and their response 
methods are evaluated by comparing EMS response data. Additionally, the main delay factors 
are studied and categorized as people, environment, and technology. Using control theory, the 
group is able to understand how each delay interacts with one another and compounds 
throughout the process. The feedback controller equation helps to determine which 9-1-1 call to 
prioritize, as well as organize the responses and administer rapid interventions or ambulance 
transportation. The results indicate that lack of updated equipment, training, and available 
personnel are the main reasons for slow EMS response times. The digital checklist that the team 
created contains the Emergency Medical Dispatch Guidecards, detailing the general dispatch 
procedures that dispatchers should follow. This allows the call taker to obtain the caller’s 
information in an effective manner. It is shown that 9-1-1 systems equipped with real-time GPS, 
real-time system overview, compatibility with Computer Aided Dispatch, digital or teleoperation 
communication systems and emergency management agency coordination have greater tendency 
to improve response time.  
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CHAPTER 1. RESPONSE TIME OF EMERGENCY MEDICAL SERVICES 
1. Introduction 
The job of emergency medical technicians and paramedics is to respond to medical 
emergencies and get patients into a stable condition until more extensive care can be provided at 
a hospital. Reaching the scene of the incident in a quick and safe manner is essential when 
responding to a medical emergency call. Ideally, top priority calls should be reached within six 
minutes of the call being placed. In comparison, lower priority calls should have a response time 
between seven and eight minutes. However, 9-1-1 calls can be subject to delayed response times. 
There are many variables which can influence this response time. Poor weather, such as heavy 
snow and fog, creates dangerous road conditions, which adversely affect the safety of 
ambulances while responding to an emergency. Traffic patterns and patient location both impact 
how quickly and easily emergency vehicles can reach the incident. Another factor influencing 
response times is the availability of emergency personnel. In order to reduce response times it is 
important to understand how these variables impact response teams, and what emergency crews 
are doing to overcome these obstacles. Delayed response times affect everyone who needs 
emergency care, ranging from people with basic, non-life-threatening injuries, to more serious 
cases where a delay in the response time could mean the difference between saving a life and 
losing one. 
Ambulance response time is measured from the moment a patient calls 9-1-1 to the 
arrival of the ambulance at the patient’s location. The purpose of this project is to understand 
communication delays between all the involved departments, and transportation delays within 
the 9-1-1 call process. Our goal is to develop technological solutions that will improve 
ambulance response times. Emergency medical technicians and paramedics take care of sick and 
2 
 
injured people during emergency situations. Lives often depend on their timely reaction, 
competent care, and efficient transport of patients to medical facilities. Evidence has shown that 
over the past decades the world’s population has experienced rapid growth, and yet the number 
of available EMS providers has not been growing at the same rate. This directly impacts whether 
emergency teams can respond to emergencies in a timely fashion, as there are fewer teams 
available for dispatch. Since emergency services are placed under increased stress, which is 
caused by population growth, it is important that they are as efficient as possible when 
responding to a call. When a 9-1-1 call is placed, it is prioritized based on the seriousness of the 
situation. Due to the increased call volume, it is essential that emergency medical technicians 
prioritize attention to the critical patients. 
The structure of this paper is as follows: Chapter two explains the 9-1-1 call process, 
from how the call taker handles the call to the way emergency teams are dispatched. It also 
discusses the different types of 9-1-1 call systems, EMS personnel and transportation. In 
addition, 9-1-1 delay factors, and equipment and technology used within the call are analyzed. 
Furthermore, ambulance response times in the United States are compiled by five geographical 
regions. These regions are the Northeast, Southeast, West, Midwest, and Southwest. Chapter 
three discusses several systems that have been implemented in a few cities of the United States, 
and how they could be adopted by emergency agencies nationwide. This chapter also presents 
various technological solutions that would help reduce ambulance response times and suggests 
how best to implement them. The last chapter summarizes the report by presenting the impacts 
and results of the project. It also provides an analysis of the project’s limitations and possible 
future improvements. 
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CHAPTER 2. EMS AND PATIENT-CENTRIC QUALITY CARE 
2. Introduction 
Emergency Medical Services (EMS) is very important to the entire population because of 
the impact it has on healthcare worldwide. According to the United States Department of Labor, 
“Emergency Medical Technicians (EMTs) and Paramedics care for sick or injured people in 
emergency medical situations.” People’s lives often depend on their quick reaction and 
competent care. Most people in the United States have been directly or indirectly affected by 
EMS, because of their own personal experiences or that of a family member, friend, or 
colleague. Thus, it is a critical tool to keep the population safe and healthy. EMS units are among 
the first responders to a time-critical incident, and their actions could be the difference between 
life and death. Therefore it is important for EMS teams to be able to do their job efficiently and 
effectively. The need for all emergency services is now greater than ever, and will continue to 
grow as our population steadily increases. According to the Congressional Research Center the 
average life expectancy in the United States is increasing; as people live longer, they require 
more medical care by both emergency and non-emergency services. These, and other issues, will 
be addressed in Chapter 2, which will contain: different 9-1-1 call processes, EMS personnel and 
transportation types, relevant delays, equipment, and EMS response times in different regions of 
the United States.  
2.1 The 9-1-1 Call Process 
All 9-1-1 calls follow the same procedure; however, there are several different ways to 
communicate with emergency dispatchers. The two main types of 9-1-1 call systems are basic 9-
1-1, and Enhanced 9-1-1(E9-1-1). Basic 9-1-1 is mainly used by smaller municipalities, such as 
small towns and counties, or university campuses, and does not automatically provide the call 
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taker with any information. Enhanced 9-1-1 is the most widely used system. It gives the call 
taker essential information, such as the caller’s name, address, and call-back number.  
2.1.1 Basic 9-1-1 
The most rudimentary form of 9-1-1 call systems is basic 9-1-1. Some basic 9-1-1 call 
systems, such as those implemented on university campuses, use special emergency phones. 
These phones are strategically placed to make them easily accessible to the public (Figure 1). 
The advantage of emergency phones is that the location of these phones is known by call takers, 
this way they can pinpoint the exact location of the caller. When this system is in place, the call 
taker will not receive any information about the caller except for the location. Therefore, the call 
taker must ask for this information, which might adversely impact the efficiency of emergency 
teams responding to the call. Also, the emergency phones provide a point of contact that 
emergency services can use to contact a caller if the call is dropped. On the other hand, if a 
student calls from their off-campus apartment or cell phone, the system will not show the caller’s 
information (Lieutenant Michael Ellsworth). 
 
Figure 1: Emergency Phone 
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2.1.2 E9-1-1 
Enhanced 9-1-1 (E9-1-1) system is used in most parts of the United States. This system 
has two ways of handling calls, depending on whether the call is placed through a landline or a 
cell phone. If a person calls from a landline, the call will go to the dispatch center in the same 
city. This is possible because customers supply personal information when signing up to a phone 
service. The 9-1-1 call taker is able to receive a caller's information from the phone company’s 
database. Generally, the caller’s address, name, and call-back number are available to a call 
taker. The call-back number is a safeguard against unforeseen problems, such as disconnections.   
However, if a call was placed from a cell phone, the call is routed to the nearest call 
center based on which cellular tower the caller is connected to. This means that the call could be 
routed to a different city, and if this is the case, it will need to be transferred to the appropriate 
call center. When using a cellular device there is less information available to the call taker. 
Generally the only information available is the call back number and the name of the person the 
phone is registered under. In this case, the call taker will ask for the location, so that emergency 
units can be dispatched immediately. (Griffin-Valade) 
Regardless of which channel the call goes through, basic 9-1-1 or E9-1-1, the caller will 
eventually be linked to a call taker. Once connected, the call taker will ask for the following 
information: the nature of the emergency, the phone number, the address, the name, and past 
medical history. As soon as the call taker enters all the required information, the computer-aided 
dispatch system assigns priorities to the call based on the level of emergency. Prioritizing calls 
helps emergency teams work effectively and efficiently by responding to life threatening 
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situations first (Table 1). All 9-1-1 calls are categorized into different priority levels, ranging 
from emergency to Priority 4.  
 
Table 1: 9-1-1 Call Prioritization (Griffin-Valade) 
 
The call taker will also provide advice to the person making the call to help them control 
the situation until help arrives. While responding to the call, the call taker transfers the 
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information to the dispatcher. After the appropriate dispatcher receives the emergency’s 
information, he or she needs to assess the situation to determine which emergency teams to 
dispatch. Regardless of the nature of the call, all of the 9-1-1 calls have to go through this 
process in order to get the appropriate help needed (Figure 2). 
  
 
Figure 2: 9-1-1 Call Process (Griffin-Valade) 
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2.1.3 New 9-1-1 Call Systems 
As technology continues to develop over time, the 9-1-1 call systems also experience new 
changes. Initially, people were only able to call 9-1-1 through a landline phone. Wireless 
technology was subsequently available, allowing people to place calls from cell phones. 
Currently, nearly 30% of all U.S. households rely primarily on wireless as their communications 
service. 
Both landline and cell phones methods rely on the caller to provide and confirm 
information, which limits the help they can receive if communications are interrupted before this 
is accomplished. Today, emergency calls are made from wireless phones, computers, and Voice-
over-Internet Protocol (VoIP) communication platforms and comprise the majority of the 9-1-1 
calls received at emergency communications centers. Developers are looking for new ways to 
enhance the 9-1-1 call system and enable people to make calls from new devices such as 
computers, while transferring information automatically. Those technologies consider the use of 
voice, text, or video information, from many types of communication devices, sent over IP 
network (Figure 3).  
 
Figure 3: 9-1-1 Call System Timeline (U.S. Department of Transportation) 
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Next Generation 9-1-1 
One of the pioneer methods developed to enhance 9-1-1 calls is Next Generation 9-1-1 
(NG9-1-1). NG9-1-1 is a system that can transmit text, data, images and videos from different 
types of communication devices into Public Safety Answering Points (PSAPs) and onto the 
emergency responder network. According to the Research and Innovative Technology 
Administration center, this new system allows people to make calls from any network-
compatible device and provides dispatch centers with accurate information more quickly. NG9-
1-1 has proved its effectiveness is a few cities in the United States where it was tested for the 
most complex aspects (Figure 4).  
 
Figure 4: NG9-1-1 Test Sites (U.S. Department of Transportation) 
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Voice-over-Internet Protocol (VoIP)  
Another communication method used in the 9-1-1 call systems is the Voice-over-Internet 
Protocol (VoIP) technology. According to the Federal Communication Commission, VoIP 
services could be connected to a regular phone or internet connection. VoIP works by converting 
voice signals, from the device used to make calls, into digital signals that can travel over internet. 
Also, its wireless capacity allows users to connect to internet from public locations such as 
airports, parks, and cafes (Figure 5). Compared to a traditional telephone services, VoIP allows 
its users to pay less for a telephone service, and use a computer along with their VoIP service 
even when traveling. VoIP helps provide a solid communication between all the involved 
personnel within the 9-1-1 call process.  
 
            Figure 5: VoIP Process (Federal Communication Commission) 
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2.2 EMS Personnel 
EMS has five different certifications and licenses: Emergency Care Attendant, EMT-
Basic, EMT-Intermediate, EMT-Paramedic, and Licensed Paramedic. Emergency Care 
Attendants require a minimum of 40 hours of CPR training, oxygen delivery, splinting, and 
bleeding control. EMT-Basic is certified as “minimally proficient to perform emergency pre-
hospital care that is necessary for basic life support” (Ems and Trauma Systems Overview). This 
also includes hemorrhage control and CPR training. They need to fulfill at least 140 hours of 
specialized training and pass the National Registry test in order to receive certification. EMT-
Intermediate responders are certified as “minimally proficient in performing skills required to 
provide emergency pre-hospital or inter-facility care by initiating and maintaining certain 
supervised procedures” (Ems and Trauma Systems Overview). 
These include endotracheal and esophageal intubation, as well as intravenous IV therapy. 
Certification requires a minimum of 160 hours of training and successful completion of the 
National Registry test. EMT-Paramedics are certified as “minimally proficient in providing 
emergency pre-hospital or inter-facility care by providing advanced life support” (Ems and 
Trauma Systems Overview). 
This life support can include several procedures, such as: initiation and maintenance, IV 
therapy, endotracheal and esophageal intubation, electric cardiac defibrillation, and drug therapy. 
Certification in this category requires at least 624 hours of training and successfully passing the 
National Registry test. Licensed Paramedics additionally have an associate degree in EMS or a 
bachelor’s degree from an accredited educational institution. 
12 
 
2.3 EMS Methods of Transportation 
Depending on the nature of an event, different units will need to be dispatched. Basic 
Life Support (BLS) units contain at least two emergency care attendants (ECAs). Advanced Life 
Support (ALS) units always include one EMT-Basic and an EMT-Intermediate. Mobile Intensive 
Care Units (MICU) require, at a minimum, one EMT-Basic and one EMT-Paramedic. In special 
situations, particularly when terrain or distance is a major problem, EMS Air Transport units will 
be dispatched. This can be provided in two ways: a fixed wing airplane or rotary wing helicopter. 
If the transportation will occur over a great distance, a fixed wing aircraft will usually be 
deployed. Helicopters will normally be sent if the terrain presents difficulties when picking up 
the patients, or for delivery purposes at the medical department. Either type of aircraft will 
typically contain an EMS-certified nurse and a paramedic. Other staff might be present as 
needed. (Ems and Trauma Systems Overview) 
2.4 9-1-1 System Delays 
According to NENA, 240 million 9-1-1 calls are made within the U.S. each year. One-
third of these are cell phone calls. Due to the high importance of 9-1-1 calls, emergency 
responders need to attend to emergencies as quickly as possible. Depending on the gravity of the 
situation, a slow response time could lead to losing a life. In order to understand how to optimize 
the 9-1-1 call process, all possible delays need to be considered. These delays can be classified 
into three categories: people, environment, and technology (Figure 6). 
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Figure 6: Delay Factors 
2.4.1 Delay Induced by People 
A considerable part of the 9-1-1 call process is automated and relies heavily on 
technology; however, all parts of the 9-1-1 systems are still subject to human interaction. This 
can cause many problems because of human error and language or cultural differences. Human 
error can be caused by a lack of adequate decision-making skills, improper training, or fatigue. 
An emergency event can be a very intense situation, and human error caused by this increased 
stress could prove fatal. Even the most advanced EMS systems can be ineffective if their 
personnel cannot appropriately operate them. To alleviate this problem, every person involved in 
the 9-1-1 call process needs to undergo strict training to ensure that life-saving decisions are 
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second nature. According to a national EMS database report, 19% of on-scene delays are due to 
staff, with another 1% caused by both crowds and vehicle crashes (Table 2). Additional 
complications can emerge from linguistic and cultural differences between the caller and the call 
taker, or among the dispatch teams themselves. Language barriers accounted for 2% of scene 
delays in 2012, according to a national EMS database report (Table 2). 
Table 2: Types of Scene Delays (NEMSIS) 
 
2.4.2 Delay Induced by the Environment  
Environmental factors can be unpredictable and sometimes unavoidable, so it’s important 
to know how to properly handle situations that include inclement weather and natural disasters. 
Although not as much as serious weather, such as heavy snow or a hurricane, simple weather 
condition such as rain affects how well ambulances are able to get to the incident, and negatively 
impacts response time. Delays due to the environment vary between different regions; some 
areas are known for tornados and others for massive snow storms. Emergency teams have to 
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adapt to their environment and know what the situation is before responding to a call. Severe 
weather affects more than just how well an ambulance can travel, it can also affect 
communication lines and access to electricity. Weather delays affected 3% of response delays 
(Table 3), and 2% transport delays (Table 4).  
Table 3: Types of Response Delays (NEMSIS) 
 
Traffic can negatively affect the environment in which EMTs and paramedics work, 
because it can make it more difficult to get to an incident. Heavy traffic can be caused by areas 
with a dense population, such as New York City, routes that are blocked due to bad weather, or 
traffic jams during rush hours. It is important for emergency teams to know alternative routes in 
order to get around obstacles in the road, and to minimize response times. Traffic affected 6% of 
response delays (Table 3), 4% of transport delays (Table 4), and 1% of scene delays (Table 2). 
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Table 4: Types of Transport Delays (NEMSIS) 
 
 
2.4.3 Delays Induced by Technology 
In the same way as humans, the technology that helps EMS can also fail due to error and 
cause significant delays. All modern 9-1-1 systems use computers as the backbone for their 
operation, and as such, they are prone to failure. Equipment used by emergency crews, such as 
their vehicles, communication devices, and medical tools, are also prone to failure. Vehicle 
maintenance ensures that EMTs reach their destination safely and without incidents. 
Communication devices, such as phones and radios, can fail due to a number of reasons. Some of 
the reasons include: dead batteries, low or no signal, or damage due to moisture or heat. It is 
important for EMS crews to understand how their equipment works and how to maintain it. 
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According to a national EMS study, technical failure resulted in 2% of dispatch delays in 2012 
(Table 5). There are many variables related to the technology and equipment used by EMS, 
which are further discussed in Section 2.5. 
Table 5: Types of Dispatch Delays (NEMSIS) 
 
2.5 Equipment and Technology 
E9-1-1 systems have been implemented since wire lines were installed in the 1970s. 
Automatic Number Identification (ANI) was applied for landlines to route all calls and provide 
information to each PSAP about the caller’s name, number, and address. After the popularization 
of mobile devices, adding wireless to the existing E9-1-1 infrastructure has been a priority. One 
of the issues was developing a model that was economically and technologically feasible. The 
main problem is figuring out how to use the Mobile Switching Center (MSC) to automatically 
connect calls to the Public Safety Answering Point (PSAP). The MSCs are part of the wireless 
18 
 
network infrastructure and are located within the wireless carrier’s facilities. After that is 
resolved, the dispatchers need to receive the call back number and cell site information through 
the Automatic Location Identification (ALI).  
Cell sites typically have several sectors for receiving antennas. Each sector is a separate 
antenna—or an array of antennas—that emits and retrieves radio frequency (RF) signals. Sectors 
of multiple sector sites typically send and receive RF signals from a particular direction and have 
a coverage area shaped roughly like a slice of pizza. In the case of Phase I, identifying the 
directional orientation of the sector that is handling a 9-1-1 call can help to identify caller 
location. 
Over the years, 9-1-1 calls had not been aided by any additional caller information. In 
1994, several national professional organizations cooperated to lobby the Federal 
Communications Commission (FCC) for service parity between the existing wire line E9-1-1 
systems and the emerging wireless services. The FCC agreed, and wireless users were then 
offered the same level of service as wire line subscribers. 
Initially, Call-path Associated Signaling (CAS) was proposed as a wireless 9-1-1 
solution. Using CAS, a PSAP receives the caller’s wireless telephone number as well as the 
voice call. The National Emergency Number Association (NENA) and the Telecommunications 
Industry Association (TIA) both adjusted their systems in order to support and be compatible 
with CAS. Based on the previous wire line model, a caller’s number and voice would be 
displayed for the call taker. Wireless callers may be moving, so a static location reading may not 
be accurately provided. CAS solved this by developing pseudo-ANI (pANI), a ten-digit number 
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that provides location and routing information to the E9-1-1 system. Pseudo-ANI is assigned for 
each sector of all Phase I cell sites. 
Since several wireless systems use numbering plan digits (NPD) to identify area codes, 
this caused complications when routing calls to a PSAP. Enhancing network-signaling 
capabilities allowed PSAPs to receive both the call back number and the pANI when responding 
to an emergency call. This way, if someone uses their phone in Massachusetts and the cell phone 
area code is from Washington, the call can and will be directed to Massachusetts local dispatch 
center.  
Wireless 9-1-1 has two phases, Phase I and Phase II. Phase I permits the PSAP employee 
to work with the wireless companies to automatically receive the cell phone number. This is 
useful because it allows the number to be saved in case the call is dropped. If this is the case, the 
PSAP employee can identify the wireless subscriber. Phase I also indicates which cell phone 
tower is handling the call, and its location. The PSAP’s Customer Premise Equipment (CPE), the 
phone equipment located on the customer’s premises, retrieves the caller’s Automatic Location 
Information (ALI) by using the ANI. The Phase I call process is illustrated in Figure 7. 
 
Figure 7: Phase I Call Process (Intrado) 
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In contrast, Phase II provides call takers with both the caller’s cell phone number and 
their location. The call is routed to the appropriate PSAP based on either the cell sector 
information or the caller’s location. The system acquires the caller’s location within a specified 
margin. Then it provides latitude and longitude data to the call taker.  
There are two methods that determine which PSAP receives wireless 9-1-1 calls. If the 
coordinates of the wireless phone are available when the routing process is commenced, they are 
used to route the call to the nearest PSAP. If they are not immediately available, routing will 
proceed using the Phase I method.  
Depending on the Wireless Service Provider used, the information displayed at one PSAP 
may vary from that at other dispatch centers. The image provided below is a standard example of 
what a call taker sees when responding to a 9-1-1 call (Figure 8). 
 
Figure 8: Typical PSAP Display (Intrado) 
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In either Phase I or II, the call-back number is shown along with the cell site description. 
Additionally, latitude and longitude data is provided and plotted using the PSAP’s mapping 
system. The uncertainty and confidence measures indicate the system’s confidence in the 
information’s accuracy. These variables are not always available at all PSAPs. The Emergency 
Services Routing Digit is also typically displayed in the location field. There are many systems 
that are being controlled by computer software. The number of components in a system can 
influence the complexity of the system. 
Another component that helps improve 9-1-1 system efficiency is Computer Aided 
Dispatch (CAD). CAD is computer software that assists dispatchers when determining the 
logistics of unit dispatch. It can record response data, as well as send messages to the responding 
units. Similar to an air traffic controller, a dispatcher can easily see the status of all responding 
units in operation. A component of Computer Aided Dispatch is the mapping system, which can 
indicate the caller’s location and suggest the closest available responders (Figure 9). 
 
Figure 9: Mapping System in CAD Assigns Dispatch Units (Intrado) 
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2.6 Regional Division of the United States 
The following section provides additional information about different states within the 
United States. It focuses on demonstrating the various 9-1-1 systems and response methods 
employed nationwide, as well as analyzing their effectiveness by comparing EMS response data. 
Figure 10 illustrates EMT/Paramedic employment numbers by state for 2011.  
 
Figure 10: EMT/Paramedic employment by state (U.S. Bureau of Labor Statistics) 
2.6.1 Western United States EMS System Analysis 
The Western region of the United States consists of 13 states, 11 in the continental U.S., 
as well as Alaska and Hawaii. In order to effectively study 9-1-1 system response times in this 
region, it is essential that several locations are analyzed. Preferably, these locations will differ in 
several aspects, one of which is population density, since it directly impacts response time. The 
acquisition of comparative research would simplify the time response problem, and help 
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ameliorate ambulance dispatch times. Figure 11 below illustrates the states comprising the 
western region (solid red). The states in red stripes are sometimes included in the region, but will 
be represented in other regions for the purposes of this paper. In the following three subsections, 
research on California, Utah, and Oregon is presented. 
 
Figure 11: Western Region of the U.S.  
 
2.6.1.1 The EMS System in Los Angeles County, California 
The state of California is one of the largest and most populated states of the United 
States, with approximately 38 million inhabitants as of the latest census in 2010 (U.S. Census 
Bureau). On average, there are 239 people per square mile. But, due to its size, population 
density can vary greatly across the state. Los Angeles County, for example, has a population of 
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almost 10 million people, making it the most populous county in the United States. It has 
approximately 2419 persons per square mile. Its population has been generally stable over the 
last 10 years, although many temporary immigrants (Hispanics make up 48.1% of its population) 
are not accounted for when collecting census data. The graph below, Figure 12, illustrates the 
number of reported visits to all emergency departments in the Los Angeles County. It also 
indicates how many visits are walk-ins and EMS transports. 
 
Figure 12: ED Visits in LA County (LA County Health Services) 
 
The high population density in Los Angeles County causes several problems, one of 
which is hospital diversion. If there are not enough rooms or staff available for severe 
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emergencies, hospitals notify the Emergency Medical Services units that they are “on diversion”, 
temporarily unable to admit new patients. The EMS units then need to find another hospital with 
which to cooperate with when transporting patients. Figure 13, displays emergency department 
saturation by measuring the frequency of diversion requests. (County of Los Angeles, California. 
EMS System Report.) 
 
Figure 13: Frequency of Diversion Requests (LA County Health Services) 
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Despite the problem of hospital diversion, patients still have the right to request 
transportation to the hospital of their choice. Even though service is not refused at a hospital on 
diversion, but the wait times will be lengthy, and the hospital may not be able to provide 
adequate care to the patient. (County of Los Angeles, California. EMS System Report)  
Over the past decade, the number of patients being transferred by EMS to the trauma 
centers in LA County had increased (Figure 14). This indicates that over time that are more 
patients requiring care beyond the capacity of the referring facility. (County of Los Angeles, 
California. EMS System Report)      
 
Figure 14: Trauma Center Volume (LA County Health Services) 
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Los Angeles County EMS had experienced an increase of almost 20% in its transports of 
severely injured patients over the last ten years, even though population size did not change 
equitably. Note that the graph above is specifically focused on trauma-related medical incidents. 
Level I and II trauma centers have similar personnel, services, and resource requirements; 
however, Level I facilities are research and teaching facilities. Level I and II Pediatric Trauma 
Centers focus specifically on pediatric trauma patients. Level I centers require some additional 
pediatric specialties and are research and teaching facilities. Level III and IV trauma centers 
generally provide initial stabilization of trauma patients with the greatest difference being 
surgical capabilities at the Level III facilities. (County of Los Angeles, California. EMS System 
Report) 
Mainly due to the county’s highly elevated population density, ambulance response times 
have consistently exceeded the national standards. Figure 15 below illustrates three different 
categories for timeliness of care and their respective median measures. (County of Los Angeles, 
California. EMS System Report)  
 
Figure 15: Segmented Time Response (LA County Health Services) 
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EMS medical contact to ED door is the time period starting from when a 9-1-1 call is 
answered, to the moment the patient arrives at the emergency department door. Median ED door 
to artery opening is the time period measured from when a patient arrives at the medical facility 
to when a medical procedure is performed. EMS medical contact to artery opening is an 
aggregate of the previous measurements. (County of Los Angeles, California. EMS System 
Report)   
2.6.1.2 The EMS System in Utah 
Utah is a fairly large state located between Nevada and Colorado (Figure 16). It is the 
13th-most extensive, the 34th-most populous, and the 10th-least-densely populated of the 50 
United States. It has a population of 2.8 million people and approximately 34 people per square 
mile. It also has one of the fastest-growing populations in the U.S. due to high birth rates and 
rapid urbanization. (U.S. Census Bureau) 
 
Figure 16: The Map of Utah  
Utah was one of the earliest states to enable paramedic education. Weber State University 
has provided the program since the mid-1970s. Traditionally, most students in the program were 
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sponsored by EMS agencies; but, by 2005 and due to decreases in funding, 80 percent of 
students were not agency sponsored. Table 6 below shows the EMS certification distribution 
across the state of Utah (Utah Department of Health). 
Table 6: EMS Certification Distribution (Utah Department of Health) 
 
 
Utah’s size and spread of population can sometimes create problems in the 9-1-1 call 
process. To counteract this, the Utah Department of Health has devised a balanced infrastructure 
within their ‘Preparedness Information Systems’. It consists of the following four networks: 
UNIS-Utah Notification and Information System  
UNIS is Utah’s health alert network. It cooperates with the state’s Center for Disease 
Control to transmit emergency notifications to the public. It can provide messages in email, 
voice, text, pager, and fax formats. It is mainly used by the Utah Department of Health, local 
health departments, and other partners. (Utah Department of Health) 
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Utah Responds 
Utah Responds is Utah’s ESAR-VHP system. This stands for ‘Emergency System for 
Advance Registration of Volunteer Health Professionals’. ESAR-VHP’s are nationwide federal 
programs that establish and implement various guidelines for registering and operating as a 
medical professional in cases of large scale national emergencies. Its standards are maintained 
throughout the United States and its territories, enabling an interstate system for the sharing of 
medical professionals. Utah Responds is effectively a volunteer registry system. It serves as an 
EMT database and has a working partnership with the Medical Reserve Corp (MRC). Fifty 
hospitals in Utah currently report bed availability through UHRMS, and it is integrated with the 
Federal HAvBED system. Figure 17 shows an example of a typical UHRMS display. (Utah 
Department of Health)  
 
Figure 17: Display of Utah’s HAvBED System  
(Utah Department of Health)   
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UHRMS - Utah Healthcare Resource Management System  
As the name suggests, this system tracks the availability of health-related resources in the 
state. It mainly functions as Utah’s HAvBED system (Hospital Available Beds for Emergencies 
and Disasters), warning EMS units if a hospital is running low on patient space. This allows 
EMS units to plan where to take patients without incurring in a hospital diversion. (Utah 
Department of Health)   
U-TRAIN 
U-TRAIN is Utah’s affiliate of the ‘TrainingFinder Real-time Affiliated Integrated 
Network’ (TRAIN) system managed by the Public Health Foundation. It serves as a learning 
management system and an education resource for health-related professionals. Nationwide, the 
system is has over 500,000 registered users and 16,000 offered courses. (Utah Department of 
Health)  
In 2012, the Utah Department of Health developed an automated integration between the 
Utah Responds and U-TRAIN systems. Volunteers could then input their course completion data 
and this would be registered in both systems, a team leader could then compare data more 
efficiently and assess the state’s training methods and limitations. The integration project was 
successful and has since been employed in other states. (Utah Department of Health) 
During 2009, there were 770,211 encounters with hospital emergency departments. This 
equals a rate of 17.5 encounters per every 100 persons in Utah. We can also see that the number 
of yearly encounters has steadily increased. Of these visits, 86,035 (11%) did require a 
subsequent admission to the hospital – the rest were successfully treated in the first visit. The 
following graph (Figure 18) shows the total number of emergency department visits in the state 
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of Utah for the last decade. The graph shows that there is an evident correlation between 
population growth and emergency department visits (Utah Department of Health). 
 
Figure 18: Number of ED Visits (Utah Department of Health)   
For the same year, total charges for the 770,211 visits were $2,999,970,489. Outpatient 
visits charges were $1,078,111,031 and $1,915,837,459 for inpatient admissions. (Utah 
Department of Health) Outpatient treatment is any health care service that is provided to a 
patient who is not admitted to a medical facility. 
 
Figure 19: Utah Urban and Rural Division (Utah Department of Health) 
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Due to Utah’s size, it is important to make a distinction between its urban and rural areas. 
Not only is the number of medical encounters different for each area, but the cost for treatment is 
also different. Figure 19 illustrates this division. 
There were 579,950 visits (75%) to urban hospitals and 190,261visits (25%) to hospitals 
in rural locations. However, we can easily notice that the charges for each location are not equal. 
In fact, charges in urban hospitals total $2,567,859,799 (84%), while charges in rural hospitals 
were $426,110,690 (16%). It is also useful to note that emergency department encounters are not 
distributed evenly between genders. Actually, 55% of the encounters are with female patients, 
and 45% with male. Additional encounter distribution by demographic is provided in the 
following graph (Figure 20).  
 
Figure 20: Demographic Encounter Distribution (Utah Department of Health) 
 
34 
 
As in previous years, the majority of emergency department encounters involved people 
aged 1 to 4 years, 20 to 24 years, and 25 to 29 years. This is likely related to segment size; for 
example, the number of encounters involving people younger than 28 days or older than 90 years 
is small, because the segments’ population size is also relatively small (Utah Department of 
Health Emergency Department Annual Report). An alternative way of analyzing emergency 
department encounters is by categorizing emergencies by disease (Figure 21). 
 
Figure 21: Disease Categorization (Utah Department of Health) 
 
In the major disease category, injury and poisoning was the most frequent ailment, with 
196,138 incidents which represented 22% of all encounters. This segment resulted in charges of 
$660,255,755 for the year. Symptoms, signs, and ill-defined conditions (21%), as well as 
respiratory system diseases, were the second and third highest encounter causes. Incidentally, the 
highest average charges per encounter were for neoplasms ($21,402) and circulatory system 
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diseases ($14,921). It is also important to indicate that statistical outliers were disregarded when 
calculating average charges (Utah Department of Health. Emergency Department Annual 
Report.). 
2.6.1.3 The EMS System in Oregon 
Oregon is a state located in the Northwest part of the United States. It is North of 
California and West of Idaho. Oregon is a large state (9
th
 most extensive state), but it is not 
highly populated. With a population of 3,871,859 people, its inhabitants enjoy a relatively wide 
living area, considering there are approximately 40 of them per square mile. The majority of 
Oregon’s population in Willamette valley, which ranges from Eugene (University of Oregon is 
located there), through Salem (the state’s capital), to Portland (the largest city in the state). 
Oregon's population is largely concentrated in the Willamette Valley, which stretches 
from Eugene in the south (home of the University of Oregon) through Corvallis (home 
of Oregon State University) and Salem (the capital) to Portland (Oregon's largest city). Oregon’s 
population is expected to reach approximately 4.3 million people by the year 2020. Remarkably, 
over a period of 60 years from 1950 to 2010, Oregon’s population growth far surpassed the U.S 
average – it increased 152% while the U.S. average was 104% (U.S. Census Bureau). Figure 22 
below shows the number of births and deaths in Oregon over the last 100 years, as well as the 
projections until the year 2020. (Oregon Office of Economic Analysis) 
The graph illustrates noticeable differences in population size caused by the Great 
Depression and the baby boomers. In recent years, population growth decreased slightly, 
although it remained higher than most states. It is important to note that the state’s net migration 
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composes almost 33% of its total population growth, and this percentage is expected to increase 
greatly in the future. 
In the last year, about 46,000 children were born in Oregon. Mainly due to the baby 
boomers, this number is expected to increase to almost 54,000 over the next 8 years. Life 
expectancy in Oregon is still marginally higher than the U.S. average.  
 
Figure 22: Births and Deaths Rates in Oregon  
(Oregon.gov) 
 
In 1985, Oregon passed legislation that officially established the Oregon Trauma System. 
It was one of the States leading the nation in trauma systems development and trauma care. No 
other states had previously created a system that incorporated both small, rural hospitals and 
extensive urban ones. (Oregon.gov) 
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As of today, 44 in-state hospitals form part of the Trauma System program and are 
reviewed yearly by an Area Trauma Advisory Board (ATAB). Data collected from each hospital 
is standardized in order to ensure an accurate representation of their annual operations. 
During the time period from 2010 to 2011, a total of 18,131 patients were admitted into 
Oregon’s State Trauma System. Oregon’s Trauma Registry collected data from 44 hospitals in 
the state. This was done in order to identify the main causes of traumatic injuries and propose 
preventative measures. Additionally, the information was applied to reduce time response, and 
improve the quality of care and education in emergency medical services. Lastly, the data was 
tracked to create a record of treated patients, assess level of care, and measure effectiveness of 
treatments.  
Quite interestingly, most of the emergency department encounters involved patients 
within the 21-30 age group, closely followed by patients aged 71 or older. Curiously, male 
patients represented 66% of encounters, drastically outweighing the females at 34%. This is 
illustrated in Figure 23. Incidents involving males aged 21-30 drastically outnumbered those 
involving females of the same age group. (Oregon.gov – Trauma Registry Report) 
 
Figure 23: Incidents by Age and Gender  
(Oregon.gov Trauma Registry Report) 
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The phenomena of males outweighing females involved in incidents can be explained by 
analyzing human psychology and its relation to the injury category. Males in their 20’s are the 
age group with the highest number of active drivers. Since the injury component includes 
injuries cause by motor vehicle accidents, it is understandable that this age group greatly 
outweighs others. In fact, it is only in the 71+ age group that female patients outnumber males. 
This can be linked to how this population is mainly composed of non-drivers. 
With regard to injuries, two categories can be elaborated: intentional and unintentional 
injuries. In the intentional injury division, assault was a very common cause – it was present in 
1,335 of the trauma system cases. Suicide attempts were close, with 402 incidents. Hoping to 
facilitate the scaling of these injuries, Figure 24 illustrates the leading causes of deaths among 
Oregon residents. Keep in mind that 90% of injuries were accidental. 
 
Figure 24: Leading Causes of Death  
(Oregon.gov – Trauma Registry Report) 
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Attempting to explain the reason behind injury-related events, many incoming patients 
are tested for drug and alcohol use. Approximately 60% of patients are screened for alcohol 
consumption; 34% of them had blood alcohol levels above the legal limit (0.08). In contrast, only 
26% of patients were tested for drug usage; of them, 47% tested positive - cannabis being the 
leading choice. (Oregon.gov – Trauma Registry Report) 
In the unintentional injury division, falls and vehicle crashes were the most common. Of 
the patients involved in motor vehicle collisions, 16% had not been wearing seat belts. Accidents 
involving pedestrians are included in this category, and those accounted for 710 emergency 
department admissions. Naturally, patients between 11 and 20 years composed the majority of 
pedestrian-related emergencies. 
The next graph (Figure 25) shows injuries that occurred mainly to younger people. The y-
axis indicates the collective number of years lost due to loss of life. The x-axis denominates the 
cause of death. Injury leads to more lost time than cancer and heart disease combined. 
 
Figure 25: Collective Years Lost by Category  
(Oregon.gov – Trauma Registry Report) 
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The level of care is important to assess in order to determine funding for the future. 
During the year, Level I hospitals cared for almost half of all trauma patients (49%). Level II, III, 
and IV hospitals admitted 23 percent, 15 percent and 13 percent of patients, respectively.  
Also essential for the planning of future care, is the assessment of race representation in 
emergency medical events. This distribution is presented in Table 7. (Oregon.gov – Trauma 
Registry Report) 
Table 7: Race Distribution 
(Oregon.gov – Trauma Registry Report) 
 
 
 
 
Note that sample size is taken into account; therefore, the quantities submitted have been 
standardized by ‘rate per 100,000’. The following table (Table 8) presents all recorded causes of 
external injury. Falls and traffic related incidents are, by far, the most common. Also, fatal cases 
were included (Oregon.gov Trauma Registry Report).   
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Table 8: Causes of External Injury  
(Oregon.gov – Trauma Registry Report) 
 
 
 
Oregon has two Level I facilities, three Level II facilities, twenty Level III centers, and 
nineteen Level IV centers. This totals 44 facilities in the state, but there are also 6 hospitals near 
the state’s borders that are included in the Oregon Trauma System. Due to a decrease in available 
physicians at hospitals, hospitals have needed to adjust training in order to provide adequate 
levels of care. The state is divided into nine Area Trauma Advisory Board (ATAB) regions. 
Response times throughout the nine ATAB regions vary from 9.2 minutes to 19.48 minutes 
(Figure 26). 
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Figure 26: State Response Times  
(Oregon.gov – Trauma Registry Report) 
 
We can see that transport from the scene of the incident to the hospital takes longer. This 
is mainly due to distances being farther apart when heading to the hospital, units being more 
familiar to streets immediate to the emergency department, and road vibrations causing 
ambulances to reduce speed while transporting patients. 
When analyzing transport times, it is important to consider the different transportation 
methods employed by Oregon State response units. Their use percentage is illustrated in the 
following Figure 27: 
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Figure 27: Use of Transport Vehicles  
(Oregon.gov – Trauma Registry Report) 
 
As the graph illustrates, the vast majority of Emergency Department transports involve 
ground ambulances. Helicopters and airplanes have the same amount of usage. It is important to 
remember that air transport vehicles are only deployed if the nature of the emergency absolutely 
requires it. Therefore, it would be best to focus our research efforts on ground EMS. 
(Oregon.gov – Trauma Registry Report) 
The following graph  (Figure 28) shows the number of trauma system patients that 
received care during the 2010-2011 year, categorizing them by time of day and day of the week: 
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Figure 28: Volume per Day, Broken Up by Time. 
(Oregon.gov – Trauma Registry Report) 
 
Further interpretation of the graph indicates the frequency of emergency department 
visits in the state. This helps the Area Trauma Advisory Board propose staff changes and 
elaborate future hiring plans. We can see that the ER is more active during the early and late 
afternoons. A relatively low number of incidents occur between twilight and lunch hours. It is 
also useful to recognize that 85% of all admittances are for adults, the remaining 15% are 
pediatric patients. 
Based on the data collected, some of the Area Trauma Advisory Board’s 
recommendation that could be applied to other states include: increasing the number of doctors 
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who check older patients for fall-related incidents, adding safety features to homes; falls account 
for a large portion of trauma emergencies, and by applying stricter consequences to drunk drivers 
or people with illegal blood-alcohol levels; alcohol is a major factor in both deliberate and 
accidental injuries. Alternative suggestions could include: increasing alcohol taxation, passing 
legislation requiring mandatory use of helmets or other safety equipment while riding bicycles 
and similar forms of transportation, and mandating that all users of prescribed substances register 
with the Prescription Drug Monitoring Program; allowing authorities to monitor drug 
consumption more accurately and decrease the number of medical emergencies caused by drug 
conflicts, improve street planning to help reduce traffic while considering pedestrian and bike 
patterns, increasing psychological screening of patients at hospitals which would help detect 
signs of depression before any suicide attempts are made. 
2.6.2 Southeast United States EMS System Analysis 
The Southeast region is located in the eastern portion of the Southern United States, and 
consists of 12 states (Figure 29). The states that it contains are: Alabama, Arkansas, Florida, 
Georgia, Kentucky, Louisiana, Mississippi, Tennessee, Virginia, West Virginia, and North and 
South Carolina. According to the United States Census Bureau, the southeast region had an 
estimated population that exceeded 1 million in 2009. In order to analyze EMS response time in 
the Southeast United States, it is best to analyze a variety of its cities and counties: one that is big 
with a large population, another that is small, and an average-sized. The information collected 
from such analysis could be compared with other regions in order to determine the common 
factors that delay response time; as well as the solutions being implemented to minimize the 
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delay. This will aid in finding an effective method to reduce dispatch time, and could be applied 
worldwide. 
 
Figure 29: Southeast United States Map  
 
2.6.2.1 The EMS System in Russellville, Arkansas   
The city of Russellville is the largest city in Pope County, Arkansas, with a population of 
28, 160 in 2011 (United States Census Bureau). Its government is composed of an elected mayor 
with a city council. The fact that Arkansas Economic Development Commission (AEDC) 
reported that it is supportive of technological developments and funded businesses that would 
help create more jobs, helped sustain Russellville’s economy at a good place.  
Due to the available job opportunities, Russellville’s resident population experienced an 
increase in 2010 of 27, 566 in comparison to 23,669 in 2000. This is part of an increase of 16.5 
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percent in 9 years (AreaVibes). If the trend continues, the population forecast will reach 29,276 
in 2015 (Figure 30). 
 
Figure 30: Russellville, Arkansas Population Trend (U.S. Beacon) 
 
Russellville’s geographical location attracts many people because it provides strong 
transportation systems that allow seamless connections via highway, air, rail, and port. Also, its 
rapidly growing population, younger than state and national averages, gives businesses an 
opportunity to hire more suitable and cheaper workers. In 2012, AEDC reported the 
economically advances they had made between January 1, 2009 and December 31, 2010. They 
signed 150 financial incentive agreements with companies that propose to invest over $2.5 
billion in projects. These projects will create 10,767 jobs, paying an average hourly wage of 
$17.42. This led to lower unemployment rates in Arkansas compared to the United States, and 
thus, more and more people are deciding to move to Russellville. Even though this provides 
good opportunities, but it also affects departments such as the Emergency Medical Services 
(EMS). As well as the growing population as there will be fewer Emergency Medical 
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Technicians (EMTs) and Paramedics appointed per dispatch center. As of May 2011, Arkansas 
was reported by United Stated Bureau of Labor Statistics to have 1,860-3,120 EMTs and 
paramedics statewide - Russellville’s population alone was 28,160 in 2011. Factor such as this 
will affect the efficiency of 9-1-1 call response.  
In Russellville, emergencies are handled by the EMS through the “First Responder” 
program. The program has two levels of service: Basic Life Support (BLS), which consists of 
EMTs, and Advanced Life Support (ALS) that is made of paramedics. All of Russellville’s EMS 
members maintain an EMT certificate, and one third of the department is licensed paramedics. 
When an incident occurs, the closest dispatch center and an ALS ambulance are dispatched. In 
order to respond to emergencies in an efficient manor, dispatch units such as the Fire Department 
distributed their tracks throughout Russellville in well-studied locations (Figure 31). Those 
locations are places where emergencies are highly expected (Russellville Fire Department). 
 
Figure 31: Russellville Fire Station Distribution (Russellville Fire Department) 
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Within Russellville’s Fire Department, there are three types of rescues: technical, 
hazardous material, and vehicle and industrial. ‘Technical rescue’ provides rescue services for 
Russellville’s industries in unique situations such as trapped workers in a confined space. 
‘Hazardous material response’ deals with Hazmat spills for Pope County and other adjoining 
countries. Due to the job’s critical nature, one third of Russellville’s Fire Department are 
certified technicians. ‘Vehicle and industrial rescue’ work closely with EMS to provide rescue 
service at vehicular and industrial accidents (Russellville Fire Department).  People make 911 
calls for multiple reasons. To better understand how those calls are handled, each reason should 
be analyzed separately. In 2011, Russellville’s National Fire Incident Reporting System (NFIRS) 
reported a total of 2242 incidents (Figure 32). The majority of those incidents, 1423, required 
rescue and EMS. Those emergencies usually deal with incidents such as road accidents, fights, or 
robbery. Out of the 2242 incidents, 328 were reported as false alarm. That is a really high 
number that takes up valuable EMS units’ time. They will take up longer responding to an actual 
emergency since they may be responding to a false alarm incident. Factors such as this add up to 
the delay in responding to emergencies (Russellville Fire Department). 
 
Figure 32: 2011 NFIRS Incident Reporting (Russellville Fire Department) 
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 Analyzing and comparing annual incident and false alarm reports from 2001 to 2011 
provides a clear relationship between population size and incidents. Russellville has been 
experiencing an increase in population each year, causing the number of incidents to increase as 
well. This, in turn, also increases the number of false alarms. In 2010 and 2011, 2,257 and 2,242 
incidents were reported, respectively; and within those incidents, 328 were false alarm in 2011, 
and 233 in 2010 (Figure 33). As it has been shown, population also continued to increase from 
27,566 in 2010 to 28,160 in 2011, which directly impacted the number of incident and false 
alarm. This direct relationship is best represented in 2004 and 2005 where population has 
increased from 24,274 to 25,850 respectively and incidents from 1523 in 2004 to 1957 in 2005, 
which also increased the false alarm incidents from 134 to 158. It is obvious that as population 
increases, more accidents are likely to happen. This could be due to more traffic on the road, or 
regular accidents occurring to many people (Russellville Fire Department).      
 
Figure 33: Annual Incident and False Alarm Report [Russellville Fire Department]  
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Even though the population increase that Russellville has been experiencing contributes 
to its development and industrial growth, it also affects the EMS response time in the city. As the 
population increases, it becomes harder for the 9-1-1 centers to handle the amount of calls they 
receive. It also creates an obstacle for the EMS as they will attempt to save many lives and reach 
the incident scene as quickly as possible. Comparing the average response time in 2001 to 2011, 
it is noticeable that the average time response increases as the population of Russellville 
increases (Figure 34). In this case, the average response time is defined from the time the alarm 
sounds at the dispatch units until they reach the scene of the incident. The average response time 
in 2001, when the population was around 24,265, was 3:49 minutes. Once the population 
increased in 2011 to 28,160, the average response time increased as well to 4:55 minutes 
(Russellville Fire Department).             
 
Figure 34: Annual Average Response Time [Russellville Fire Department] 
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In order to find the main reasons (besides population increase) why Russellville 
experiences an increase in response time, it is important to study and keep track of the actions 
EMS had to take during incidents. Figure 35 shows the actions EMTs and paramedics had to take 
while responding to incidents in 2011. For the majority of incidents, they had to provide first aid 
or basic life support. They only had 42 transfers to the hospital, and 126 cases required advance 
life support. The conclusion that could be drawn from this pattern is that people tend to feel safer 
when they are transferred to the hospital even for a Priority I emergencies, such as a minor 
injuries, rather than when driving to the emergency department themselves. This increases the 
number of unnecessary calls and negatively impacts EMS response because of the excessive call 
volume. It also takes away from the time that should be spent on high priority emergencies. This 
case is known as the abuse of 9-1-1 calls (Russellville Fire Department).  
 
Figure 35: 2011 EMS Actions Taken During Incidents (Russellville Fire Department) 
 
Lately, people abuse 9-1-1 calls for simple reasons such as asking a general question. 
Therefore, it is important to find a solution to easily prioritize calls, and minimize dispatch time. 
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In June 2012, Arkansas was the first state in the nation to implement Smart911 system statewide. 
Smart911 allows Arkansas’ citizens to create online profiles with health information, addresses, 
and pictures that will pop up on the 9-1-1 operator’s screen once a call is placed.  
2.6.2.2 The EMS System in Roanoke, Virginia   
 Roanoke is located in the Southern part of Virginia. It is the tenth-largest city in the 
Commonwealth (Figure 36). As of 2011, its population was estimated at about 93,600 in a land 
area of 43 square miles. Roanoke’s Fire-EMS Department works to protect the life and property 
of its residents by improving their systems and becoming more efficient while responding to 
emergencies. The city has 12 fire stations, which are equipped with 245 uniformed personnel, 
and 6 civilians (Roanoke Fire-EMS Department).     
 
Figure 36: Map of Roanoke, Virginia (Google Maps) 
 
 The stations of Fire-EMS Department at Roanoke are located throughout the city - 
administrative offices are housed in the Jefferson Center. Each unit houses 12 engine and four 
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ladder companies, as well as 10 medical units. In 2011, the 9-1-1 call center had experienced a 
total of 157,252 calls (Figure 37). Out of those calls, 128,011 calls were emergencies that 
required engine companies with an average of 2.7 calls a day, and 21,212 calls required medical 
help with an average of 6.27 calls a day (Roanoke Fire-EMS Department).  
 
Figure 37: Number of Emergency Calls in 2011 (Roanoke Fire-EMS Department) 
 
Roanoke Fire-EMS Department reported five significant incidents that occurred in 2011. 
Two incidents occurred in January, the one in January 5
th
 was a fire at Melrose Towers that 
caused a damage of $500,000 due to water, and the incident in January 17
th
 was a Multi-Alarm 
Fire in Days Inn with approximately $1,772,500 worth of damage. Two other fires in June 6
th
and 
July 29
th
, caused damages of $300,000 and $160,000, respectively. In August 17
th
, another fire 
incident occurred in the 4DD Studios with $600,000 worth of damage. This is a total of 
$3,332,500 spent on cleanup and rebuilding purposes when it could be used to improve Roanoke 
city (Roanoke Fire-EMS Department).            
As of 2011, Roanoke was still facing some financial challenges; however, through state 
and federal grants and local funding, Fire-EMS Department was able to make improvements and 
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operate with a total of $17,525,000. This allowed them to improve their alerting system by 
purchasing mobile data units, new ambulances, and renovating old stations. Also, the city of 
Roanoke was able increase their construction projects and repurpose its unused buildings 
(Roanoke Fire-EMS Department).         
The improvements the Fire-EMS Department of Roanoke has shown led them to be 
recognized and receive grants. In 2010, they received a $213,600 Federal Emergency 
Management Agency (FEMA) Grant, which was used to install mobile data units (Figure 38) in 
all of the front line apparatuses such as fire engines and ambulances (Roanoke Fire-EMS 
Department). 
The mobile data equipment will provide Fire-EMS personnel with an opportunity to 
access pre-fire plans, callers’ medical and contact information, and hazardous waste storage 
facility information. It is voice-free communication technology that permits Fire-EMS personnel 
to change unit status quickly. It is a one button system that does not require radio use, which 
leaves the airways clear for important messages such as a mayday firefighter down alerts or other 
pertinent information. This will ease the recordkeeping and communication during dispatch 
process (Roanoke Fire-EMS Department).     
The advancement the Fire-EMS Department of Roanoke made in 2011 allowed them to 
achieve many goals. One of the most significant ones was reducing the number of fire incidents, 
which made up the majority of 9-1-1 calls. Due to their strong public education, they were able 
to reach a low fire incidents record of 61 in Roanoke. The public education that was available in 
2011 varied from the Fire Prevention Month to Fire Prevention Week Art Contest and many 
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more. This increased Roanoke’s citizens’ awareness on how to prevent and deal with fires 
(Roanoke Fire-EMS Department).  
 
Figure 38: Mobile Data Unit (Roanoke Fire-EMS Department) 
 
For the upcoming years, Roanoke Fire-EMS Department is going to continue its 
improvement towards minimizing call volume and reducing reaction time by 30 seconds. This 
will be done by completing the installation of Mobile Data Units in all front line apparatuses, 
purchasing new fire engines, hosting more educational events, and starting to install the Locution 
Fire Notification System in all stations (Roanoke Fire-EMS Department). 
The Locution Fire Notification System is an automated dispatching and fire station 
alerting system that works with CAD systems. It transfers the information that the dispatcher 
reviews and confirms on CAD into a spoke dispatch that sounds like a real human voice. This 
transfer happens by a mouse click and the accent-neutral voice makes it easy to understand in 
stressful situations. Locution Fire Notification System allows 9-1-1 centers to handle more calls 
in the same time (Locution Systems Inc.).  
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2.6.2.3 The EMS System in Union County, North Carolina   
 Union County is located in the southeast portion of North Carolina and is the fastest 
growing County in the state (Figure 39). It is a rural and suburban county with an estimated 
population of 201,292 and an area of 643 square miles. Union County’s government is composed 
of a commissioner and an appointed county manager. They both are elected countywide (Union 
County Government).   
 
Figure 39: North Carolina Map (Centralina Area Agency on Aging) 
 
 Union County’s EMS is equipped 24-hours per day with nine paramedic-staffed 
ambulances, four Paramedic-staffed Quick Response Vehicles, and two additional Paramedic 
staffed ambulances operated seven days a week during times of peak demand. In order to 
respond to emergencies in a timely fashion, EMS vehicles are placed in specific locations 
throughout the County. This technique minimizes time response and allows paramedics to be 
able to get patients into stable conditions more quickly. To continue using the same technique, a 
full-time staff of 78 employees needs to be continuously available (Union County EMS).   
The funds EMS receives from Union County had been reduced from 93% to 42% 
between 1997 and 2011. In 2011, Union County provided Union EMS with only $2,913,316 
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when their operating fiscal year budget was $6,997,531. In order to balance the budget, Union 
EMS had to stop capital replacement and employee merit increases. Being constrained 
financially, EMS could not deploy additional units; thus, calls placed to 9-1-1 would only be 
assigned to a few units, causing an increase in response time (Union County EMS). Union EMS 
reported a 6% increase in dispatches and 5.8% increase in transportation in the fiscal year 2010-
2011 compared to 2009-2010. This was caused by the increase in the call volume which totaled 
to 18,174 in 2010-2011, and 12,345 incidents required a transport to the hospital. Analysis 
proved that most of the incidents were traffic crashes, 2427 calls (13.4 %), followed by incidents 
general sickness, falls, and inter-facility transfers at ten percent (10%). In order to organize the 
staffing, Union County EMS recorded typical ambulance calls by time of day for the seven days 
of the week for the fiscal year 2010-2011. Figure 40, shows that the highest number of calls 
occurs between 8:00am and 10:00pm, Monday-Saturday with peak demand between noon and 
7:00pm. This occurs because more people are outside during the day, which means more 
incidents are likely to happen (Union County EMS).  
 
Figure 40: Distribution of Union EMS Calls (Union County EMS) 
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During the fiscal year of 2010-2011, the Union County EMS average response time for 
all calls was 9:59 minutes (Figure 41). In this case, the EMS response time is measured from the 
time an EMS unit is dispatched until it arrives on the scene. The average response time 
represented an increase of thirty-four seconds compared to the fiscal year 2009-2010. Union 
County’s EMTs and paramedics were on incident scenes, which are 65% of all emergency calls, 
in 9:59 minutes, and 14:59 minutes on scenes of 91% of all emergency calls. There are many 
factors that delay response time; a few are call volume, traffic, weather conditions, road 
conditions, communication factors, and availability of staff.  If this trend continues as expected, 
Union County EMS will need to add more personnel, vehicles, and high technology equipment; 
in order to be able to provide all patients with an efficient help when needed (Union County 
EMS).    
 
Figure 41: Union County EMS Response Time (Union County EMS) 
 
 To minimize response times while going through a hard financial situation, Union 
County EMS relies heavily on their communication technology.   The Union County Department 
of Emergency Communications (C-COM) allows not only call takers but also dispatchers to 
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answer 9-1-1 calls for assistance. Dispatchers can then dispatch the appropriate EMS units while 
providing medical instructions to the caller. This reduces time by removing the communication 
line between the call taker and the dispatcher (Union County EMS).  
2.6.3 Midwest United States EMS System Analysis 
The Midwest consists of 12 states. Those states are: Illinois, Indiana, Iowa, Kansas, 
Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, and Wisconsin 
(Figure 42). According to the Federal Census Bureau, the Midwest population is 66,927,001. The 
population density for the Midwest states varies from 130-1,039 people per square miles (U.S. 
Department of Commerce). The following subsections will discuss a part of Wisconsin and 
Iowa.  
 
Figure 42: United States Midwest Region Map 
 
2.6.3.1 The EMS System in Wauwatosa, Wisconsin  
Wisconsin is located in the Midwest of the United States, and has a population of 
5,703,525. Wisconsin shares its borders with Minnesota, Iowa, and Illinois. According to Egan-
Robertson, birth rate for Wisconsin has decreased by 7 percent since 2007, and its population 
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decreased from 72,800 to 67,000 in that time period (Figure 43). This is reflected by the 
economic state in these recent years. In addition, the death rate has remained approximately 
constant over the years. 
 
Figure 43: Wisconsin Births (Egan-Robertson) 
 
The city of Wauwatosa is one of the major economic centers in southwest Wisconsin. 
Located west of Milwaukee, it is ranked as the 14
th
 largest municipality in Wisconsin. The 
population of Wauwatosa is 46,629, and its area is almost 13.25 square miles (Egan-Robertson).  
According to a study done by International City Management Association Consulting 
Services (ICMA), Wauwatosa EMS received 3,375 calls in the year of 2009, an average of 9.2 
calls per day (Figure 44). The natures of the emergencies varied greatly. Out of the total number 
of calls, 2,044 needed an advanced life support unit dispatch, totaling to 42% of the calls 
received. For the basic life support, 968 total calls were received. For other EMS, 363 calls were 
received. Call volumes including Fire and EMS were the highest in December with an average of 
14.7 calls per day. On the other hand, November had the lowest average amount of calls, with 
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11.8 per day. This could be due to winter, because December is usually the month when it starts 
snowing, which may lead to more incidents occurring  
 
 Figure 44: Daily Call Volume (ICMA) 
 
The time of the calls made to Wauwatosa EMS can be seen in Figure 45. From midnight 
to 5.A.M, the call volume is low. Starting from 6A.M, the call volume increases approximately 
the double of the 0-5A.M average. This is the time that the city is back to life and people are 
commuting to their jobs. The highest call volume for the fire and EMS is from 10AM-11AM as 
well as 4PM-5PM.  
 
Figure 45: Hourly Call Rate (ICMA) 
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The response time average in Wauwatosa is 6.7 minutes. The response time can be 
divided into three intrevals. Dispatch time is the time between the call being received and units 
being dispatched. The turnout time is the time it takes the units to be on their way after being 
notified of an emergency. Travel time is the time it takes the unit to arrive at the scene of the 
incident. All of those combined equal the response time. As it can be seen from Table 9,  the 
dispatch time for basic life support is around 84 seconds, the turnout is 126, and the travel time is 
210. In total making 7 minutes. For the advanced life support the dispatch time is 10 seconds 
faster, the turnout is faster by 20 seconds, and the travel time is quicker by 20 seconds - totaling 
6.4 minutes. For other EMS, the dispatch time is 1.5 - higher than basic life support by 10 
seconds - turnout is usually the same as basic life support - and 20 seconds higher in travel time, 
making it 7.3 minutes. The National Fire Protection Agency (NFPA), stated that the turnout time 
should be no more than 80 seconds. The fastest turnout is the advanced life support with 114 
seconds. The difference between the ideal time and the fastest turnout time is 34 seconds, which 
means that there is a room for advancement. 
Table 9: Response Time Intervals (ICMA)
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2.6.3.2 The EMS System in Urbandale, Iowa 
Iowa is the smallest of the Midwestern states, ranked 25th in size among the 50 states. 
The total area of Iowa is 56,275 square miles. Iowa is bordered by Minnesota, Wisconsin, 
Illinois, Missouri, Nebraska, and South Dakota (Figure 46). According to the Federal Census 
Bureau, Iowa’s population is 3,062,309.  Urbandale is a city in Iowa with a population of 40,311. 
 
Figure 46: Iowa Map (Google Maps) 
 
Urbandale EMS received 2,490 calls in the year of 2011. This number is the second 
highest call volume ever recorded for the city. The average number of calls per day was 6.82. For 
the EMS, 1859 people were seen in the past year - 1390 of them were transported to a hospital 
(Holt). As it is illustrated by Figure 47, the average time needed to deliver patients to the hospital 
took at least 12.12 minutes. On the other hand, the maximum average was 17.54 minutes. For 
logistics purposes, the city has been divided into three different districts. District 1 had the most 
call volume with 1320. District 2 had 456, and District 3 had 71 patients. Most of the patients 
that were transported to a hospital were seniors. The average age of the patients was 55 years 
old. 
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Figure 47: Average Patient Delivery Time (Holt) 
 
Urbandale’s average response time to all incidents was 6.39 minutes. Average response 
time for EMS is 6.21 minutes.  For emergency EMS, the average time was 6.11 seconds and for 
non-emergency EMS the average was 6.28 seconds. The nature of the calls can be separated in 
two divisions: trauma and medical. Trauma in Urbandale is usually because of accidents or falls. 
As mentioned previously, EMS received 1,859 calls last year. However, the highest recorded call 
volume was during 2008. Excluding that year, the call volume has constantly been increasing, as 
illustrated by Figure 48. The figure includes EMS calls as well as fire department calls 
 
Figure 48: EMS Call Volume (Holt) 
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The next figure (Figure 49) shows a division of the day by 8-hours shift. The first shift 
starts from 7am – 3pm. This shift has the highest number of calls in Urbandale. This could be a 
result of people coming and going to work. The other shift is from 3pm- 11pm. This shift 
decreased in call volume. The decrease could be occurring due to less movement and activities 
outside 
 
Figure 49: Call Volume by Work Shift (Holt) 
 
Another way to analyze the calls is by the hours the calls were made (Figure 50). The 
highest call volume is at 11am and the lowest is at midnight. This is especially the case with the 
EMS call volume. In contrast, the fire department call volume was highest at 6pm - the lowest is 
at midnight too. 
 
Figure 50: Hourly Call Volume (Holt) 
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2.6.4 Southwest United States EMS System Analysis 
The Southwest consists of 4 states. Those states are: Arizona, Oklahoma, New Mexico, 
and Texas (Figure 51). According to the Federal Census Bureau, the Southwest population is 
38,030,918. The population of Texas itself is more than 50% of that number. A state such as 
Texas with its population and geographical area has different challenges than any other state in 
the United States. The following subsections will discuss Texas EMS history and the methods 
being used to improve their response times.  
 
Figure 51: United States Southwest Region Map  
 
2.6.4.1 The EMS System in Texas  
Texas is the second largest state in United States with approximately 268 square miles 
(Figure 52); about 210 square miles of the total area is considered as rural and frontier areas 
(Texas Department of State Health Services). In addition, Texas’ population is one of the biggest 
among the states. Reaching 25,674,681, it represents almost 8% of the United States total 
population (U.S. Department of Commerce). Moreover, 3.2 million of its inhabitants live in the 
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rural and frontier counties. One of the reasons that influenced the population number in Texas is 
its geographical location. Texas borders four states and Mexico. These states are: New Mexico, 
Oklahoma, Arkansas, and Louisiana. 
 
Figure 52: Texas Map  
 
In the past 30 years, EMS has advanced from a patient retrieval service operated by 
funeral homes, with few members who are not fully trained, to state of the art hospitals 
cooperating with healthcare providers. In the late 1960’s, EMS was not funded by the healthcare 
in Texas; in fact, it was not even considered as a section of the healthcare system, it fell under 
the transportation methods category (Texas Department of State Health Services).  
One of the biggest challenges for the Texas EMS is the population. Texas has one of the 
largest diversity between the states. Moreover, because there are almost 3.2 million in the rural 
and frontier counties, it is a challenge for the EMS responders to get there easily. This influences 
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the time response for the EMS. Even though there are EMS located near rural areas, but they are 
not prepared with the best equipment or a sufficient number of staff. According to Texas EMS, 
the number of hospitals and healthcare providers in the urban areas are much higher than those in 
rural areas. (Texas Department of State Health Services) 
In addition, there are more specialized healthcare providers in the urban areas than in the 
rural areas. Therefore, when the EMS receives a call from a rural area the response time is 
usually higher, which compromises the patient’s health and could lead to a greater injury.  It also 
prolongs recovery time as well as increasing the chance of death. Another issue that EMS in 
Texas has is the language barrier between the patients and the call taker. Due to the diverse 
population in the state, almost 20% of the rural area residents are bilingual (mostly Spanish-
speakers). Another challenge EMS are experiencing is the recruitment. Salaries are very low for 
the EMS personnel compared to health care fields, particularly in the rural areas. In addition, the 
EMS courses are expensive. This has led to many rural areas relying on volunteers to provide 
EMS, which inevitably leads to poor results in the response time and accuracy. Another 
challenge for EMS Texas is the cost of the training. Problems such as the deficiency of initial 
training, and especially advanced training, decrease chances for continuing education and 
obstruct local efforts to develop EMS crews and keep certifications up to date. 
Figure 53 shows the 9-1-1 call process in Texas. The calls that go to PSAPs are being 
handled in three different ways (The University of Texas Medical Branch). If the call came from 
urban Texas, it will usually go to a dispatcher who will transfer the call to Local Emergency 
Dispatcher (EMD). Then, EMD follows the local protocol for dispatching. The majority of the 
calls go to the main dispatcher who follows their dispatch protocol. Small percentage of the calls 
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goes to a dispatcher who will transfer the call to a certified EMD first. Then the EMD will follow 
the standards for dispatching.  
 
Figure 53: The 9-1-1 Call Process in Texas (The University of Texas Medical Branch) 
 
EMS response time is a variable that could be influenced by the amount of available staff 
and their capabilities. Volunteers are therefore a very important variable. Especially since added 
costs have led to an increase of volunteer EMS staff. Response time for Southwest Texas has not 
been accurately examined. The response time in urban areas is around 5-8 minutes, and in some 
cases it ranges as high as 15-20 minutes (The University of Texas Medical Branch). However, it 
could go to more than 40 minutes in some rural areas. This is due to the distance between 
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treatment centers and patients in the majority of rural locations. Also, some counties do not have 
specialized doctors, clinics, or hospitals. This could increase the gravity of the patient’s injury 
and lead to severe complications and even death.  In order to enhance the response times, Texas 
EMS decided to implement a project called the ‘Pilot Project’ and apply Computer Aided 
Systems (CAD) to their 9-1-1 systems. 
Pilot Project  
In the end of the 79th Legislative Session, East Texas Area Health Education Center staff 
studied the planning of the EMS Dispatch Resource Center Pilot Project and formed a group who 
were willing and able to participate in the project (The University of Texas Medical Branch). 
Many goals were considered for this project before it started. Some of these goals are: 
background discussion on EMS, basic definition of the services to be delivered by a resource 
center in the pilot, and barriers to data collection.  One of the most important decisions made by 
the advisory group is that the geographical distance should not affect the pilot project 
anticipation. The group also had set a goal for PSAPs that the response time should not be more 
than 11 minutes in the rural areas, because they believe that the telecommunications system is 
adequate and capable. The group also introduced the computer-aided dispatch to the project. 
Computer-based dispatch technology was essential for the Resource Center, permitting industry-
standard dispatch support, data collection, quality enhancements, and project assessment. The 
system proved its importance when considering that the availability of digital switching and high 
quality, reliable local phone services was important to the success of the Resource Center and 
Pilot Project. In addition, PSAPs generated call logs and event documentation for the supported 
calls by the Resource Center.  
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 The pilot project results were the following. 400 completed cases were analyzed. These 
tested the cooperation between rural PSAP and EMS dispatch resources to determine the needed 
instructions for the scene responder based on standardized protocols. Approximately 240 calls 
were classified under five protocols. Those protocols are: breathing, chest pains, unconscious, 
cardiac/respiratory arrest, and choking. Fifty-Two percent of the calls had critical nature. 
Eighteen specially trained EMD-certified dispatchers supported the 24/7 schedule, providing the 
services of the EMS Dispatch Recourse Center. The overall quality improvement score rating 
recorded for all the cases increased to 98.45% succeeding the 95% needed for a certified EMD. 
(The University of Texas Medical Branch). 
2.6.5 Northeastern United States EMS System Analysis 
According to the United States Census Bureau, the Northeastern United States consists of 
nine states: Connecticut, Maine, Massachusetts, New Hampshire, New Jersey, New York, 
Pennsylvania, Rhode Island, and Vermont (Figure 54).  
 
Figure 54: Northeast United States Map 
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The total area of the region is 181,324 square miles, and has a population of 55,317,240, 
according to a 2010 Census brief by the United States Census Bureau. The region is home to the 
most populous city in the United States, New York, which is has the greatest population density 
in the country. This section will analyze how well emergency medical services operate in: New 
York, because of its great population; Boston, because it’s the largest city in New England; and 
Southern Chester County, Pennsylvania, because it’s more rural and will give insight into many 
county operated EMS around the country. 
 2.6.5.1 The EMS System in Boston, Massachusetts  
Boston is the largest city in Massachusetts, and because of this it is important to look at 
how emergency services work in the city, and some of the problems they can face, specifically 
the EMS departments. Emergency medical responders in Boston are responsible for over 
600,000 residents, and during a workday, there can be as much as 900,000 people working in the 
city (City of Boston Emergency Medical Services, 2010). However, there are only 350 
Emergency Medical Technicians and Paramedics that work for the city, and they respond to over 
100,000 calls a year. With that call volume, Boston EMTs are one of the largest and busiest EMS 
providers in the country (City of Boston Emergency Medical Services, 2011).  Services provided 
by Boston EMS include Advanced Life Support (ALS) and Basic Life Support (BLS), while 
using the latest advances in medical technology to provide patient care. 
In 2011, Boston EMS responded to 108,343 incidents, down slightly from 2010, which 
had 108,848, the highest to date. 78,692 of the incidents in 2011 required transport to a clinic or 
hospital, and in 2010 79,443 incident required transport (Figure 55). Over the past five years 
Boston EMS has seen a steady increase in the number of incidents, but not an increase in the 
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number of EMTs working for them. In both 2010 and 2011, Boston EMS has had approximately 
350 EMTs that respond to calls, and as the number of incidents increase there will be more stress 
placed on them (City of Boston Emergency Medical Services, 2010, 2011).   
 
Figure 55: Incident Volume (City of Boston EMS) 
 
Incidents are categorized by priority using four different levels, priority one, two, three, 
and four. Priority one calls are incidents that are time sensitive, and life-threatening. Priority two 
incidents are non-life threatening emergencies, and priority three are minor injuries that are non-
acute injuries or illnesses. Finally, priority four incidents do not immediately require an EMS 
response, unless it is needed as determined by other agencies, which helps to free up resources 
for higher priority calls. Boston EMS saw an increase in response times between 2010 and 2011, 
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across all priority levels. Priority one calls say an increase from 5.4 minutes in 2010 to 5.7 
minutes in 2011, which is a big jump for life-threatening injuries where seconds can mean the 
difference between surviving or not. There was an increase from 7.0 minutes to 7.3 minutes in 
priority two cases, and from 7.1 minutes to 7.6 minutes in priority three cases (Table 10). 
Table 10: Median Response Times (City of Boston EMS) 
 
Approximately 77% of EMS responses are priority one or priority two incidents, which 
are life threatening, or potentially life-threatening cases, and require immediate medical 
attention. With an increase in response time, as seen between 2010 and 2011, there will be a 
negative impact on the survival rate of patients. The increase in response times could be the 
result of a number of factors. These factors include an increase in the population, environmental 
delays, and unexpected delays. The population in Boston has increased steadily over the past 12 
years, with a population of 590,433 in July 2000, to 625,087 in July 2011 (U.S. Department of 
Commerce - United States Census Bureau). It is clear that the increase in population leads to 
more incidents, but it will also affect the response times. This is because the city will be more 
densely populated, making it more difficult for ambulances and response vehicles to reach 
incidents quickly. The population also fluctuates with the seasons; Boston becomes busier during 
the summer months due to a higher tourist population, and weather becomes harsher during 
winter months due to the colder weather. This change is reflected in an increase in response 
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times for those months. Since there are more people in Boston for the summer month the streets 
become more congested, and the call volume increases due to heat related illnesses and injuries. 
Also, during the winter months it becomes more difficult for EMTs and Paramedics to reach the 
incident due to inclement weather conditions that negatively impact the travel time. The best 
response times are observed in the spring and fall months, because of a lower tourist population, 
and more temperate weather conditions. (Figure 56) 
 
Figure 56: Target Response Times (City of Boston EMS) 
 
There are other delays as well, such as how many ambulances are active, and where they 
are located. In order to reduce response times, Boston EMS has nineteen Basic Life Support 
ambulances and five Advanced Life Support ambulances on duty during peak hours. These 
ambulances are also strategically placed around the city to help combat long dispatch times. 
(Figure 57)  
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Figure 57: Map of Boston EMS Stations (City of Boston EMS) 
 
Boston EMS has implemented a number of programs in order to provide better patient 
care throughout the city. Among these programs are the Boston Area Ambulance Mutual Aid 
Network (BAMA), Research, Training, and Quality Improvement (RTQI), AED Alert, and the 
Boston Metropolitan Medical Response System (Boston MMRS). These programs relate to all 
aspects of handling an EMS call; from the time the call is placed until the patient is cared for. 
BAMA helps to decrease dispatch times by allowing interoperability with partnering 
ambulance services, which helps to get an ambulance to the incident as quickly as possible. The 
program also has updated pre-arrival instructions that can be given to the caller in order to 
administer basic care to the patient before EMTs arrive on the scene. 
 Boston’s RTQI team, made up of emergency physicians, EMTs, Paramedics, and 
Training Officers, help keep EMTs and Paramedics prepared to deal with any situation. 
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Currently the team is working to improve practices for cardiac resuscitation, alternative 
intravenous access devices, the impact of breathing equipment, and other pre-hospital care 
interventions. 
The AED Alert program allows Boston EMS to track the location of public automatic 
external defibrillators (AEDs). This allows call takers to provide the caller with information on 
where to access AEDs and how to properly use them. This practice significantly increases the 
survival rate for cardiac arrest; as studies have shown that CPR combined with defibrillation 
within three to five minutes of a collapse improve the survival rate.  
Boston MMRS is an agency that deals with mass casualty situations. It is a Federal 
Emergency Management Agency (FEMA), and supports the integration of emergency 
management, health and medical systems into a coordinated response to mass casualty incidents. 
The system works with hospitals and health centers to provide the care needed in the event of 
mass casualty incident caused by any kind of hazard. 
2.6.5.2 The EMS System in New York City, New York 
New York City is the most populous city in the United States, and as such faces the 
challenges that come along with such a great population. Not only does New York have the 
highest population for a city in the entire nation, it is also one of the most diverse. About 36% of 
the city’s population is foreign-born, one of the highest percentages among US cities (New York 
City Department of City Planning).  
In order to accommodate for a population of 8,175,133, the City of New York employees 
3,492 uniformed EMTs, Paramedics, and other EMS personnel (Fire Department of New York, 
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2012).  In 2012, New York City EMS responded to 1,277,985 incidents, 461,830 of which were 
top-priority, life-threatening emergencies (Figure 58).  
 
Figure 58: NYC EMS Ambulance Dispatches 
 (Fire Department of New York, 2012) 
 Those numbers were up from 2011, when there were 1,256,547 total incidents and 
470,294 life-threatening emergencies (Fire Department of New York, 2011). Along with the 
increase in incidents, there was also an increase in the total number of uniformed EMS 
employees, growing from 3,200 in 2011 to 3,492 in 2012. Some of the services provided by 
FDNY EMS units include Advanced and Basic Life Support, Haz-Tac Units, and major 
emergency vehicles (Fire Department of New York, 2012).  
Since 1999, New York EMS has decreased their average response time from around 
seven and a half minutes, for priority one calls, to 6 minutes, 40 seconds in 2009. During the 
same time, the number of calls increased from about 390,000 to 445,390 (Figure 59).  
 
This is due in part to the number of new programs that have improved emergency 
responses, as well as expanding the number of EMS stations in the city of New York. Some of 
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the improvements include new dispatch protocols, the SmartCPR program, new transport 
protocols, and the Mobile Electronic Patient Care Reports program.  
 
Figure 59: Priority One Emergency  
(Fire Department of New York, 2009) 
Priority one response times were the lowest is 2012 since EMS merged with FDNY in 
1996, clocking in at six minutes and 25 seconds. This average was accompanied by 562,000 life-
threatening emergencies. (Figure 60) In order to achieve low response times New York EMS has 
been evaluating how ambulances respond to the most time critical emergencies, specifically 
during high-volume periods. Instead of committing limited resources to minor injuries or 
illnesses, New York EMS teams are queued for low-priority calls during these high-volume 
periods. This is done so that ambulance availability is maintained for higher priority and life 
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threatening calls, which leads to a higher survivability rate and faster response times (Fire 
Department of New York, 2012). 
 
Figure 60: Life-Threatening Calls in New York  
(Fire Department of New York, 2012) 
 
 
The SmartCPR program was instituted in order to improve the survival of cardiac arrest 
responses in New York City. It seeks to evaluate the ability of new technology to provide the 
best possible pre-hospital care by EMS personnel for cardiac arrest. The program includes better 
first responder training in four critical components of EMS care: early recognition of cardiac 
arrest; immediate activation the 9-1-1 system; administration of CPR; and the appropriate and 
correct use of automated external defibrillators (Fire Department of New York, 2009). Since the 
implementation of this program 58 percent more cardiac patients have been resuscitated (Fire 
Department of New York, 2012). 
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 In order to utilize Mobile Electronic Patient Care Reports (ePCR), New York EMS 
agencies began using a new wireless technology that sends near-real-time patient information to 
hospital emergency rooms (ERs) in May of 2011, getting critical and potentially lifesaving 
information to ERs before the ambulance arrives. The system uses tablets and the New York City 
Wireless Network (NYCWiN), which allows EMTs and Paramedics to input patient information, 
including diagnostic tests and cardiac monitor data. The electronic records are then transmitted 
wirelessly over the NYCWiN to ERs, and telemetry doctors who can monitor on-scene treatment 
and consult with Paramedics and EMTs on pre-hospital care. The system will strengthen patient 
care and enable better quality assurance by integrating patient assessment and treatment 
information with other sources of EMS data (Fire Department of New York, 2012).  
 As the United States grows in population, it is important to look at how large cities such 
as New York handle their EMS agencies, because smaller cities are only getting more crowded. 
Although New York has been able to reduce the average response time for EMS response, it can 
still be improved upon in order to reach the six-minute goal. Also, since New York City contains 
the largest population compared to any other city, they can be used as a standard of measure for 
other municipalities around the country; if they can achieve reduced response times, then it is 
feasible for other municipalities. 
2.6.5.3 The EMS System in Southern Chester County 
Emergency Medical Services in Southern Chester County, Pennsylvania, is responsible 
for 18 cities and towns that cover 225 square miles and over 60,000 residents (Figure 61). It is 
important to look at the response time for this area, because it is similar to many smaller EMS 
programs around the country. Over the past decade Southern Chester County EMS (SCCEMS) 
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has seen the number of dispatches increase about 3% each year (Southern Chester County 
Emergency Medical Services). 
 
Figure 61: Southern Chester County (Southern Chester County EMS) 
 
Between 2010 and 2011 there was a 12% increase in dispatches, which resulted in 3,349 
9-1-1 calls, which is the greatest number of calls for SCCEMS units in one year (Figure 62).  
 
Figure 62: Number of SCCEMS Dispatches  
(Southern Chester County EMS) 
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 When responding to those calls, SCCEMS saw an average response time of 8.62 minutes 
for all calls, slightly more than ideal response times of six to eight minutes, although it is an 
improvement from 2009, when the average response time was 9.5 minutes. Of that 8.62 minutes, 
1.77 minutes was spent mobilizing the proper teams, the time from dispatch until the ambulance 
was enroute. The mobilization time has decreased from two minutes in 2009, and if the 
mobilization process was further refined then this time could be cut down by a significant 
amount; there would be a significant reduction in the total response time, possibly by over a 
minute.  
 The peak call volume for Southern Chester County EMS was between the hours of 8am 
and 8pm, due to the fact that this is when most of the population is awake, and away from home. 
During these peak hours extra units were in service to handle the extra call volume (Southern 
Chester County Emergency Medical Services). (Figure 63)  The period of time with the lowest 
call volume occurred between midnight and 6am. 
 
Figure 63: Average Number of Dispatches per Hour. 
(Southern Chester County EMS) 
 
 Southern Chester County EMS is able to care for patients of all ages; however the 
average age of a patient is 63. Over 50% of the total dispatches are to care for patients over the 
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age of 60; only 5% of the patients cared for are under the age of 10. (Figure 64) These is 
consistent with what is expected around the country; the older section of the population requires 
more emergency care than the younger, because they are at a greater risk for disease and cardiac 
arrest (Southern Chester County Emergency Medical Services). 
 In order to respond to emergency calls, Southern Chester County EMS operates four 
advanced life support ambulances, two of which are staffed full time, and the other two are on 
reserve (Southern Chester County Emergency Medical Services). There have been occasions 
when all four ambulances were responding to 9-1-1 calls at the same time, which could possible 
affect patient care if there was a fifth emergency that was of greater importance, and possibly life 
threatening. SCCEMS is at a disadvantage; because of the limited number of ALS ambulances 
combined with the amount of area they are responsible for covering. 
 
Figure 64: Percentage of patients by age. 
(Southern Chester County EMS) 
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In addition to the ambulances used by Southern Chester County, SCCEMS also uses 
modern equipment, such as new chest compression devices, which allow for better chest 
compression on patients experiencing cardiac arrest. SCCEMS also implemented new treatment 
protocols in 2011; while using these new techniques EMTs and Paramedics were able to better 
manage and stabilize patients in the field. EMTs in Southern Chester County also use electronic 
charting systems, which enable improved quality assurance, and the ability to evaluate response 
trends within the county. 
 It is important to look at Southern Chester County EMS because it is similar to many 
local EMS agencies around the country; many EMS agencies are operated at the county or state 
level, especially in areas with a lower population. Local EMS agencies, like SCCEMS, are 
usually less prepared for a wider range of emergencies, because they generally don’t have the 
same amount of funding as a large city, such as New York. For this reason it is critical for 
ambulances to respond to calls as quickly as possible in order to achieve the highest survivability 
rate. 
2.7 Regional Comparison   
In 2006, the American College of Emergency Physicians published the National Report 
Card on the State of Emergency Medicine, which grades the efficiency of nationwide emergency 
medical services. One of the categories evaluated was access to emergency care. This category 
produced a generally consistent level of performance across most states. The graph below is 
comparing the regions that this report included.  Pennsylvania and Massachusetts were relatively 
high. Seventeen states scored below 950 points. The majority of states fell into a narrow range 
between 950 and 1,350.Figure 65 illustrates this data.  
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It is important to note that the two previously mentioned states are both in the same region. 
 
Figure 65: Access to Emergency Care by State (ACEP) 
 
Quality and patient safety were also assessed in the same study. In this category, there 
were significantly spread differences between the states. Iowa and Pennsylvania obtained the 
highest scores, while the other states varied from 700 to 260. Figure 66 below presents this 
information. 
 
Figure 66: Quality and Patient Safety by State (ACEP) 
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2.8 Conclusion 
With a rapid growth in human population, ambulance response times need to be as 
efficient as possible. However, the number of EMS personnel has not increased at the same rate. 
In this chapter, the entire 9-1-1 process was evaluated. The various types of EMS personnel and 
transportation were presented in the beginning of the chapter. The information provided aided in 
the understanding of how delays in a 9-1-1 system could emerge. Additionally, equipment used 
by EMS teams has an impact in both the quality of care that can be given, and how quickly care 
can be provided. Response time data was collected from several states in order to gain a better 
understanding of different types of delays affecting the country. Further investigations into these 
systems will provide more insight into how they have been implemented, and what measures 
could be taken to establish them nation-wide. These technologies will be explored and discussed 
in the following chapter. 
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CHAPTER 3. SOLUTION TO IMPROVE EMERGENCY RESPONSE TIME 
3. Introduction 
  Chapter three presents a mathematical explanation of how a 9-1-1 system can be 
delayed. It classifies these delays according to source and explains their effect on total response 
time. This chapter also includes a background on many of the currently used 9-1-1 systems. The 
research shows how communication and equipment delays are the most important factors that 
influence emergency responder efficiency. Then, the commonalities among the different systems 
are outlined in order to determine which system characteristics are most useful. Furthermore, a 
proposed improvement to the current 9-1-1 systems is presented. This addition relies on previous 
research to combine each system’s best qualities. 
3.1 Emergency Response Time and Control Theory  
 As it has been shown in chapter two, lives often depend on the timely response of 
Emergency Medical Services (EMS) and the quality of care they provide. The 9-1-1 call process 
is subject to many delays from the moment an emergency call is placed until the EMS reaches 
the incident scene. To have a better understanding of the interruptions occurring within that time 
frame, these delays can be interpreted through a controlled theory. Using mathematical 
equations, the control theory helps provide a visual aid that relates all of the delays that occur 
during the 9-1-1 call process.   
 To better understand how 9-1-1 calls are affected, it is best to first study where the calls 
originate. As mentioned in chapter two, in order to simplify the problem our team focused on 
researching individual states and their specific characteristics. The main characteristics to study 
are population, attractions, government, and education (Figure 67).  
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The population of a state, and population density, varies between regions and time 
frames. If a state has a lot of attraction sights then it will experience more tourism and the 
probability of an emergency increases, leading to a larger call volume.  Therefore, it is necessary 
that this category is considered when evaluating the 9-1-1 delays.  
 
Figure 67: Control Theory Model 1  
 
91 
 
Another important factor to analyze is the government in state, local, and federal levels. 
This plays a big role on the state’s economy and provides all the technologies needed to improve 
the EMS system. Some states allocate a tight budget to EMS, which makes it difficult for the 
agency to renovate their systems, vehicles, and technology. The last factor that cannot be 
disregarded is the states’ education level. Usually, the more schools a state has the more 
educated people it has. More schools lead to more competition between the schools when trying 
to acquire students. This causes tuition prices to drop, allowing more families to afford educating 
their children. This, in turn, reduces the chance of false alarm and non-emergency calls being 
placed to 9-1-1. Knowing these factors helps build a solid background on the typical 9-1-1 call 
placer, which leads to more precise assumptions on why they are calling. 
 Analyzing and studying specific characteristics of a state from Figure 67 provides the 
equation:  ̇( )    f(x(t), xt(θ), µ). The equation consists of the following variables: x(t) 
represents the position of the state, θ  represents the time history of the past state xt(θ), µ  is the 
set of parameters to manage and response to emergencies. The set is µ= µ1+µ2…µk, k=1, 2, 
3….The time delays are represented by τt= τo+ ϵσ(t), where τt is total time delay, τo is the 
normalized time delay based upon the affordable dispatch response time, σ(t)  is the varying time 
delay, and ϵ is a small parameter that varies between zero and one. The model delay equations 
are known to be effectively solved in function spaces such as the Banach Space. The Banach 
function space, )],0,([ nC  , contains the domain [-τ, 0] and range .n  
The solutions to the model equations will yield the time delays required to response to 
medical emergencies in a timely manner. The time delays serve as a framework to allocate 
communication time among all the parties involved in processing and responding to emergency 
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9-1-1 calls. When making a 9-1-1 call, users are able to use multiple devices that vary from a 
land line phone, which is considered a voice over landline (VOLD) to voice over cell phone 
(VOCP), and even voice over internet protocol (VOIP). Regardless of which device used, the 
call will go through the same process and thus yield similar equations with different subscripts. 
For each device used, there is a sum from   or j or   which equals 1 to a certain constant n that 
ranges from   to q to r. The sum consists of      , where     is the population density and    
is the volume. The constant k represents   for VOLD, j for VOCP, and   for VOIP. Overall, the 
sums are as follows:     
VOLD: 
 
VOCP: 
    
VOIP: 
 
  The information received from each device used has its own mass. VOLD 
produces a mass of mi, and VOCP and VOIP yield a mass of mj and ml respectively. Those 
masses and the model delay equations along with the time delays sums go directly to Data 
Acquisition Communication Assimilation Reporting (DACAR). DACAR is now the source that 
carries all of the information and variables from the state and the caller from the moment a 9-1-1 
call is placed. This information and variables are then transmitted to Network Equipment Sensors 
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Technology (NEST). From there, the call will go through a whole process until the appropriate 
first responders are notified. This process is shown in Figure 68. 
          
Figure 68: Technical 9-1-1 Call Process 
 
 Each device used to place a 9-1-1 call has its own delays, which can be categorized as 
follows: 
Actuator: A delay can occur while trying to connect to a phone tower. Depending on 
which device is used to make the call, the device will attempt to get a signal from the closest 
phone tower. This does not always happen quickly, it depends on the caller’s location and that of 
the phone service provider.   
Process: At this point, the dispatch center system will process the call. Depending on 
how many calls are being received, the call may be processed faster.    
Sensor: The sensor will capture the caller’s information in order to send them to the 
PSAP.   
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x(t): This variable represents the sampling time, which is the time between successive 
measurements of a physical quantity - in this case the 9-1-1 delays. 
PSAP (Public-Safety Answering Point): Based on the order the call is received by the 
PSAP, the call taker will handle the call and record all of the necessary information. 
HMDP (Hoff Markov Decision Process): Once all the information is recorded by the 
call taker and sent to a dispatcher, the dispatcher will use the HMDP to prioritize the calls based 
on their emergency levels. The appropriate units will then be dispatched.  
Controller: The job of a controller is to look for delays within the 9-1-1 call process and 
develop mathematical equations that accurately represent them. 
 As it has been shown, each element is subjected to a delay, which could be carried across 
the closed loop and create an increased delay when the response units are dispatched. For 
example, if a delay occurred while trying to connect the call because the device used to place the 
call had no service then that will create a delay in the Process and the Sensor, and thus delay the 
time the call is answered by the PSAP and dispatched by the response units. The delays that 
occur within the 9-1-1 call can be simplified into two delays. A delay that occurs from the NEST 
to the PSAP, τn, and a delay that occurs from the PSAP to NEST, τp.  
Studying particular variables from Figure 68 provides a mathematical relationship 
between the input  ( ), output  ( ), and the error  ( ), which is  ( )   ( )   ( ). This 
equation shows that the deduction of the feedback (output) from the input would generate the 
amount of delay (error) occurring within the 9-1-1 call process. This is an important variable that 
can be used when testing a new system.     
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Using the information, equations, and relations collected so far, three important equations 
are generated. These equations are as follows:  
Equation 1: Measures how quickly the call is transferred to the PSAP,  ̇( )  The equation 
consists of the following variables:  ’s represent different coefficients, x(t) is the position 
of the state, and y(t) is the input. 
             ̇( )       (    ) ( )   ( )  
Equation 2: Measures the speed at which the callers’ information is transferred to the 
PSAP,   ( )  Where    ( ) donated a negative feedback, and   (     ) is a non-linear 
term. 
  ( )       ( )      ( )     ( )    (     )  
Equation 3: The Feedback Controller equation,   ( )  denotes how delays affect the 9-1-1 
call through relating all of the equations discussed above.  
  ( )       ( )    { (    ( ))   ( )}       (    ( )   ( )    (     ) 
As stated above, once the call is answered by the PSAP and the call taker records all of 
the necessary information mentioned in chapter two, the call is transferred to the dispatcher. The 
dispatcher uses the Emergency Priority Assessment Dispatch (EPAD) to assign a priority level to 
each call. Afterwards, the appropriate first responders will be dispatched. While dispatching, 
delays can occur due to traffic and other environmental causes, which were discussed in chapter 
two. Figure 69 shows that delays and noise can occur between each of those segments. Similar to 
the process between the devices used to place a 9-1-1 call and the PSAP, whenever a delay 
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occurs in one segment it carries on to the next, and thus causes a compounding delay in the 
overall emergency response time.    
 
Figure 69: 9-1-1 Process Segmentation 
 
The control theory provides a detailed visual of the 9-1-1 call process that shows how 
delays occurring within the call affect the whole process. Using that relation throughout the 
process generates many equations that are later simplified into one equation, the feedback 
controller equation. This equation has all of the appropriate variables in order to determine the 
delays that will be needed to prioritize 9-1-1 calls, organize the responses, and administer rapid 
interventions or ambulance transportation.  
3.2 Current 9-1-1 Systems  
The following section will present several 9-1-1 systems that are currently in use in 
different countries. These systems help ameliorate EMS response times, either directly or 
indirectly. All of these systems have been tested and implemented successfully, receiving 
positive feedback from their users.  
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3.2.1. Microbus In car PC 
Microbus Limited is a company that designs and sells vehicle-based personal computers. 
It was founded in 1981 and is based in the United Kingdom. The company serves many sectors, 
such as police, fire and rescue, ambulance, commercial and transportation. It supplies two kinds 
of computers: vehicle-mounted on board computers and demountable tablet PCs. Both have 
color TFT touchscreens and each design is modified depending on user requirements.  
 
Figure 70: Vehicle-mounted Onboard Computer (Microbus) 
Another advantage is its implementation of mobile data systems. These support video 
streaming and recording in real time, GPS based navigation, computer-aided dispatch, automatic 
vehicle location, and automatic number plate recognition. Additionally, it enables users to 
remotely access databases – this is extremely helpful to police forces and emergency services. 
Figure 70 above, show the typical vehicle-mounted Onboard Computer.  
The vehicle-mounted PC can help in incident reporting, improving efficiency in attending 
to police or EMS events. Currently, around 80% of the police forces in the United Kingdom are 
serviced by Microbus. Fire and rescue teams also rely heavily on Microbus PCs since they can 
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use them to receive building plans, road maps, and chemical properties of numerous substances. 
The large screens also work when wearing rugged gloves, and this saves time when attending to 
emergencies. (Microbus) 
Emergency Medical Services teams using these PCs have shown improved efficiency and 
faster response times. Using digital mapping systems, drivers are provided with the fastest route 
to and from the emergency location. Any changes in the EMS event details can also be 
communicated through the vehicle-mounted PC. The system can also keep track of the locations 
of several EMS units, and coordinate which unit to send to which EMS event. Furthermore, 
ambulances are provided with a dual monitor system, allowing two EMS personnel to access 
different parts of the system at the same time. (Microbus) 
3.2.2. OnStar 
OnStar is a subsidiary of General Motors.  It is a service that provides in-vehicle security, 
turn-by-turn navigation, hands free calling, and remote diagnostics for your vehicle. Once the 
OnStar system is installed in your vehicle, it will constantly receive signals from a GPS satellite. 
This allows OnStar representatives to track your vehicle’s location in case of an emergency. 
Additionally, sensors in the airbags detect if these are deployed, and then automatically connect 
to the OnStar Center and transfer you to a representative. This way, if a severe accident occurs 
and no one is able to call 9-1-1, OnStar automatically alerts a first responder team. Another 
feature is remote car unlocking in case of misplaced keys. The OnStar unit has four buttons: 
power, phone, OnStar, and emergency. The phone button allows you to place a call, even in 
locations where a regular cell phone would not work. The OnStar button places a call to any 
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available OnStar call center. After being connected to a representative, the caller can ask any 
questions regarding their OnStar subscription, run a vehicle diagnostics test, or get directions. 
When the emergency button is pressed, a call is placed to the OnStar call center and it is treated 
as an emergency 9-1-1 call. If the call taker does not get a response from whoever placed the 
call, emergency units are dispatched. The implementation of OnStar in a wider scale would help 
ameliorate ambulance response times because callers can easily place emergency calls and 
dispatchers immediately know the location of the emergency. (OnStar Support) 
Some of the features that OnStar has are: There is no need to have a backup key for your 
vehicle. If you happen to get locked out of your car, OnStar representatives can remotely unlock 
the car for you after a brief security check. If a car was stolen, the GPS system in each OnStar 
vehicle device can allow an OnStar center to track the vehicle. This way, the authorities can be 
alerted and the car recovered. Another feature is immediate representative contact if needed. If 
the user needs directions, for example, he or she need only push a button in order to be connected 
to an OnStar representative that will help them get where they want to go. However, the OnStar 
service also comes with some disadvantages. The first one is the cost. There are two methods of 
payment: the first is similar to how a prepaid cell phone service, the customer purchases minutes 
that allow him or her to use the service as long as credit is available. Once the minutes are 
depleted, the user will have to purchase more, which can be done online. The other method is by 
combining a cell phone plan with the OnStar service. Not all phone providers are available, so 
the customer would have to check if their current provider is compatible. Another issue is the 
coverage area. OnStar estimates it provides coverage for about 80 to 90 percent of the 
continental United States. For potential customers, it would be wise to check if their area is 
within the covered zones. The last issue is regarding OnStar’s tracking system. Some people do 
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not like having their location recorded at all times because they do not trust the company, or they 
fear the chance of disclosure. Obviously, this technology is a big feature of the service; yet, some 
people choose not to subscribe to the OnStar Service because of it. 
3.2.3. Opticom 
Global Traffic Technologies LLC (GTT) is a company created in 2007 that manufactures 
the Opticom priority control systems and Canoga traffic sensing systems. GTT provides traffic 
management systems to over 2500 cities around the world. These systems help solve various 
transportation problems, aiding emergency, transit, and traffic personnel. We all share the roads; 
streets are congested with drivers trying to reach their destinations. Communities seek balanced 
solutions, knowing that mass transit provides an option to relieve some of the pressure in dense 
traffic environments - moving more people, more quickly, at a reduced cost. The main priority of 
public transit, and their customers, is to maintain schedule and stay on time. Consistent on time 
performance helps grow ridership and improve service quality.  
So how can emergency responders obtain priority when in heavy traffic? And how can 
city officials create efficient public transportation to ultimately alleviate some of the congestion? 
GTT provides a solution: the Opticom GPS system. This system fulfills both emergency 
response signal preemption and mass transit signal priority needs. The Opticom emergency 
vehicle preemption system allows responders to modify traffic signals and obtain vehicle right-
of-way through intersections for safer and faster responses to medical events. Emergency 
Vehicle Preemption (EVP) is a key factor in improving EMS event responding. Not only does it 
help improve response times by making traveling more efficient, it also makes trips to and from 
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an EMS event a lot safer. The Opticom EVP system lets emergency response teams preempt or 
extend traffic signals, allowing for a faster navigation through intersections. The EVP system can 
be utilized in many sectors, such as fire departments, law enforcement and EMS. It helps reduce 
crash rates and risks involved in all response processes. It also aids in research by collecting data 
from various regions and enabling useful comparisons. This helps different communities create 
effective response strategies. (GTT) These strategies can then be implemented using available 
resources and technology. Additionally, it is a secure, encoded system, which ensures only 
authorized users have access to the emergency vehicle preemption system. The system has many 
features and specific software modifications, which will be explained further. 
The Opticom GPS 
Using global positioning system technology and radio communications, this system 
allows for accurate emergency vehicle preemption. The Global Positioning System circumvents 
line-of-sight requirements. It is calibrated to work even if there are differences in elevation due 
to hills, curves, etc. Emergency vehicles entering an intersection’s radio range can be safely 
directed. Because of all these features, it has helped improve response times by a significant 
amount, and it has reduced intersection crash rates by up to 70 percent. (Global Traffic 
Technologies) At the same time, it gives traffic engineers a new level of intersection 
management and control. And it is all protected with a full range of installation, training and 
setup services to ensure optimal, long-term system performance. Using Department of Defense 
satellites, the vehicle equipment calculates vehicle speed, heading, longitude and latitude 
information. The Opticom GPS system intersection equipment is programmed with an approach 
map to define corridors for priority control activity. As the oncoming vehicle enters the 
102 
 
intersection's radio range (up to 2,500 feet), the vehicle sends speed, heading and position 
information that is updated at intervals of one second. (GTT) 
The signal from the vehicle also transmits vehicle type, class and agency ID information, 
and turn signal status. The system then automatically sends the priority request to the Opticom 
GPS Phase Selector in the controller computer, which requests green-light priority through 
normal controller functions. The system recognizes the activated turn signal and relays the 
priority call forward to the next appropriate intersection on the route. (GTT). Figure 71 
demonstrates how the Opticom GPS system is being used. 
 
Figure 71: The Opticom GPS system in use. (GTT) 
 Central Management Software (CMS) 
This software for traffic signal propriety control enables traffic management personnel to 
manage, maintain, and monitor intersection activity. This way, they can improve service levels, 
maximize resources, and ameliorate emergency response. The software remotely shows a single-
system, real-time view of the whole Opticom system. This simplifies managerial tasks by 
making supervision more convenient. Operators can obtain activity logs, view performed 
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preemption operations, and assess security and equipment details at various intersections before 
any issues emerge. This greatly reduces repair costs and down-time costs over the long run. 
Included in this software is transit signal priority (TSP) control, which helps authorities 
ensure vehicles get to their destinations on time. The vehicles equipped with this system have an 
emitter that signals whenever the vehicle reaches certain intersections. It can also extend green 
traffic lights and change red ones for faster travel. Not only do response times improve, the 
system also reduces fuel costs, greenhouse gas emissions, and the required number of vehicles in 
a fleet. Some of the elements that make the system attractive include: it is useful for evacuation 
scenarios, it can perform real time monitoring with a GIS map, personnel can specify turn signal 
dependent features, and it automatically allows for time synchronization for signal controllers. 
In order to establish a firm and useful transportation network, it is necessary for many 
agencies to collaborate effectively. These connections aid in community planning, fund 
gathering, and the implementation of traffic signal priority control systems. The following 
section describes the different fields in which the Opticom system can be used. 
 
Traffic Operations Center 
Having a centrally managed Opticom system allows personnel to quickly monitor, 
manage, and maintain it in order to expedite response times. Whenever there is an Opticom 
equipment failure at any intersection, for example, the CMS alerts panel will show an incident 
notification. This notification will indicate what the error is and where the device is located. 
When Traffic Operations Center personnel see the alert, a field technician will be dispatched to 
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attend to the issue. Once the technician has completed the job, the system will confirm that 
everything is back in order. The entire process is very helpful because it allows personnel to 
diagnose problems quickly and understand what corrective actions need to be taken in order to 
fix it. The system reduces costs because technicians are only employed when needed. 
Emergency Response 
Multimode technology allows emergency responders to trigger signals for safer and faster 
travel. When the EMS personnel inside the ambulance activate the signal, it is wirelessly 
detected by GPS Opticom equipment. This causes the streetlight to change from red to green, 
giving the ambulance right-of-way. As a whole, the system becomes more efficient and safer – 
reducing crash rates in intersection by “up to 70%”  and response times were “cut by up to 25%” 
(Global Traffic Technologies).  Firefighters can also make use of the system by using infrared 
technology installed on their trucks and on the streetlights. Fire and Rescue Services face 
constant pressure to improve response times and the safety of responders; this pressure also 
increases due to reduced budgets. According to a 2009 report done by the National Fire 
Protection Association (NFPA), the largest cause of firefighter deaths occurred while responding 
to or returning from alarms (38%).  
Transit 
Transit vehicles can use the Opticom systems to truncate red signals or extend green 
ones. When a transit bus, for example, approaches an intersection, the equipment automatically 
recognizes the emitter on the bus and requests a green light extension. This is very helpful 
because bus drivers don’t need to take their hands off the wheel while approaching an 
intersection, which would be very dangerous. Because of the increase in efficiency, fuel costs 
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and greenhouse gas emissions are both significantly reduced because bus travel times and delays 
are also improved. If implemented correctly, the number of buses required will also decrease, 
creating hundreds of thousands of dollars in annual cost savings. (GTT) Additionally, if several 
communities collaborate, they can obtain the technology at a reduced cost and with a single 
shared investment.  Figure 72 illustrates the order of events that initiate when an emergency 
vehicle approaches an intersection. (Road Traffic Technology) 
 
Figure 72: Intersection Event Process 
An emergency vehicle equipped with the Opticom system approaches a congested 
intersection. It requests a green light extension in order to avoid slowing down and losing 
precious time. The computer at the Traffic Operations Center receives the command and 
calculates the appropriate time required according to the data collected from the unit’s Global 
Positioning System. It then allows the streetlight to perform the required command and resume 
normal operations when the emergency vehicle is confirmed to be out of range. 
106 
 
3.2.4. Philips HeartStart Telemedicine System 
 Philips HeartStart Telemedicine System is part of an end-to-end telemedicine system 
used for communicating patient data from HeartStart MRx Monitor/Defibrillators to a central 
viewing and workflow station. The system consists of a server component that is run in a server 
room and a viewer component, which is used in the clinical environment. It can be used in 
different ways, based on the current workflows and infrastructures in place in a given 
organization, such as a hospital or dispatch center. The system can be used to provide critical 
care support to inbound ambulance responders who are transporting a patient to a hospital; 
prepare the hospital’s emergency care center for the arrival of a patient that is in critical 
condition; prepare other wards of a hospital to receive a patient after they have been treated in 
the emergency department. With the use of this system, EMS teams are able to quickly send 
patient information to hospitals for improved patient care (Philips). If there is a single EMS 
agency that is serving multiple hospitals in their region, the software is run from the EMS 
servers. The patient information is then sent to the hospitals by fax, email, or other telemedicine 
systems installed in the hospitals. This allows ambulances to alert a hospital of an incoming 
patient so the emergency department can prepare for their arrival. Another scenario is when there 
are multiple EMS agencies serving a single hospital. In this case, the software is generally run in 
the hospitals server room. This allows EMS teams that are also using this system to send 
valuable patient information to the hospital. If there is a situation where there are multiple EMS 
agencies serving multiple hospitals in a given area, then the system can be deployed at both the 
EMS agencies and the hospitals to allow for the transfer of patient information (Philips). 
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The HeartStart Telemedicine software displays patient vitals, waveforms, and ECG 
information transmitted from Philips HeartStart defibrillators in remote locations. It also allows 
for the viewing, printing, archiving, distribution of clinical data, and forwarding ECG 
information to ECG management systems. A basic system consists of HeartStart MRx 
defibrillators which connect to a HeartStart Telemedicine server. The HeartStart Telemedicine 
server is then able to distribute the patient information gathered by the HeartStart MRx to 
hospitals or departments via fax or email (Philips). The software also allows for the manual 
printing of patient reports. (Figure 73)  
  
Figure 73: Basic HeartStart Telemedicine System (Philips) 
 
 While this system is advantageous, and does provide better healthcare to those who 
require emergency services, the HeartStart Telemedicine System also has its drawbacks. On 
being that the system only communicates with HeartStart MRx defibrillators, which can limit the 
effectiveness of the system if different equipment is being used by different departments. 
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Another limitation is that the software deals most with cardiology reports which can impacts its 
usefulness when there is an emergency that requires different equipment to treat a patient.  
3.2.5. Next-Generation 9-1-1  
 9-1-1 systems that are being used today are generally built, operated, and maintained 
locally. This usually means that counties or municipalities are responsible for how they respond 
to a 9-1-1 call. This is a problem, because there is limited compatibility between 9-1-1 systems in 
different regions. Next-Generation 9-1-1 (NG9-1-1) is trying to solve this problem and others in 
order to advance 9-1-1 systems to make them more useful. In order to achieve this NG9-1-1 has 
different layers and goals that will allow 9-1-1 calls to be taken and handled more efficiently; be 
able to receive video, photos, and text; the transfer of 9-1-1 calls between different call centers. 
This goals include standardizing the technology used around the country for handling 9-1-1 calls, 
creating centralized databases of information, interconnecting public safety answering points 
(PSAPs), allowing 9-1-1 systems to handle video, photos, and text information from callers, 
utilize private services to issuer emergency notifications, and other advanced features (Dispatch 
Magazine).  
With NG9-1-1 a call can be placed using a variety of systems: telematics, wireless 
phones, instant messaging and email, voice over IP, TTY/DD, or landline phones. When a call is 
placed it is relayed with data, such as a callback number and location, through an access network 
which connects to emergency services. The call could be IP based, analog based, or digital 
based, to allow for higher-level data capabilities. NG9-1-1 uses IP-based routing protocols to 
identify and direct a call to the appropriate PSAP. When a call arrives at the PSAP a call taker 
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receives the call along with the related data. The primary PSAP may transfer the call and data to 
a different PSAP or dispatch point, depending on the nature of the emergency. The PSAP may 
access databases with information, dispatch systems, and computer aided dispatch software 
while responding to a call. (Figure 74)  
 
Figure 74: Call Flow of NG9-1-1 
(U.S. Department of Transportation, 2007) 
 
 The Next-Generation 9-1-1 project is still undergoing, and is several years from a nation-
wide deployment. NG9-1-1 requires a number of systems to work together in order to be 
functioning properly, like network, security, data, and PSAP management. There also needs to be 
redundancy in the system, so that a single failure doesn’t have a catastrophic effect to the NG9-
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1-1 infrastructure. These systems are fundamental to the implantation of NG9-1-1, as they affect 
the accuracy of call and data delivery, which could change the outcome of an emergency for the 
worse. It’s currently being worked on by several major groups, such as the National Emergency 
Number Association (NENA), Association of Public Safety Communications Officials (APCO), 
the United States Department of Transportation (DOT), and the Internet Engineering Task Force 
(IETF), as well as other smaller groups. (Dispatch Magazine) 
 Advantages of this system include being able to send text, pictures, and video to PSAPs; 
more efficient call taking in the event of a large-scale accident, and increased compatibility 
between municipalities. This will make it easier for people unable to use a phone, such as the 
deaf, to be able to communicate with a call taker in the event of an emergency, which is 
something that is not widely supported under current 9-1-1 infrastructure around the country. 
One of the downsides of this system is the cost and time required for implementation. The costs 
cover the new equipment needed, the new training for call takers, and the strengthening of 
current infrastructure.  
3.2.6. IamResponding.com 
 IamResponding.com provides time saving services to fire departments, emergency 
medical services, and other emergency responders. Their system allows responders to connect 
with dispatchers and their station’s staff to inform them who is responding to a call, what their 
qualifications are, and the time that they are responding. The service also includes mass-
messaging capabilities which makes intra-departmental communications easier, and allows for 
incident updates to department members. (IamResponding.com) 
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 While using this system, dispatchers are able to quickly know who is responding to a call. 
This is advantageous, because dispatchers are able to tell how many are responding and what 
their qualifications are, allowing them to send more help quickly if the need arises. It’s a 
completely hands-free system for a dispatcher, so they don’t have to stop what they are doing to 
be able to view the information available to them. When there is an emergency seconds count, 
and this system can save dispatchers several minutes in the event that they need to re-dispatch 
teams to the scene. (IamResponding.com) 
 In order for responders to connect with IamResponding.com they just call a number with 
a cell phone, and this lets the system know who is responding and when. The calls last only a 
few seconds, and require no input from the responders. Then, that data gets forwarded to a 
dispatcher who is then able to see all the responders. Since the call takes seconds, it’s very easy 
for a responder to speed-dial the number and then focus on driving. When data is received by a 
dispatcher they see a list of every member who is responding, and all relevant information, such 
as training, certifications, destinations, and estimated time of arrival. Figure 75, shows a sample 
dispatcher screen. 
 Currently, there are over 110,000 emergency responders using the system throughout the 
United States and Canada. IamResponding.com has processed more than three million calls from 
emergency responders; processed over eighteen-million shift hours; and delivered more than 
eighteen-million messages to users. The service offers a fully redundant network infrastructure, 
which allows maximum system reliability. It also is fault tolerant and geographically co-located 
in order to avoid service interruptions. Their telephone system is also designed to support a 
capacity of several thousand simultaneous calls. This paired with the fact that a call will last no 
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more than twelve seconds insures that all calls will go through to their servers. 
(IamResponding.com) 
 
Figure 75: Sample Dispatcher Screen (IamResponding.com) 
 
 In order to improve communications within an emergency department, 
IamResponding.com includes a mass-messaging system that allows for the quick sending of 
messages to various groups and members, such as drivers, EMTs, or firefighters. This facilitates 
efficient intra-departmental communications, and is better than traditional memos or emails, 
because it updates email, text messaging, and pagers of all members. The system also tracks all 
outgoing messages, which enables better records keeping for departmental staff. 
(IamResponding.com) 
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 Advantages of this system are clear; it permits more efficient and reliable dispatches. 
This leads to better call response capabilities by making sure that there are enough responders, 
and that there are responders with the proper qualifications for a particular emergency. The times 
saved by immediately updating dispatchers could be up to several minutes, as they are not 
waiting to hear from teams. The system primarily saves time when there is a need to dispatch 
additional teams to a call. This, in addition to the mass-messaging capabilities provides for a 
much more streamlined department, assisting in more efficient emergency departments. 
(IamResponding.com) 
 As with any system, IamResponding.com has its downsides as well. One being that a 
responder requires access to a cell phone that has reception; if a call cannot be placed then the 
system is unable to properly relay information to a dispatcher. This could lead to a dispatcher 
unnecessarily re-dispatching teams to respond to a call. Another disadvantage is that dispatchers 
require an internet connection. If, for some reason, they were to lose connection to the internet 
then they wouldn’t be able to view the information, rendering the system useless. Thirdly, the 
whole system is subscription based which leads to an increased cost over time for departments. 
 Overall, the system has a lot to offer for emergency departments. The effect of 
IamResponding.com is relatively limited, however, because it is only being used by a small 
percentage of agencies around the country. On a larger scale it could reduce the average response 
time by a significant amount, allowing for EMS agencies to produce better patient care.   
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3.2.7. InMotion 
InMotion Technology is a company that designs secure networks to function in wide 
areas. It also collects and analyzes data from InMotion’s OnBoard Mobile Gateways by using 
their network management system.  InMotion is a Canadian company that was established in 
2002 to give different organizations the ability to link and manage their portable operations 
through the OnBoard Mobile Gateway Router system (oMG).  
OnBoard Mobile Gateway Router 
OnBoard Mobile Gateway Router distributes great performance, security, and wireless 
broadband networking for mobile applications by turning vehicles into communications hotspots. 
It also provides security layers and wide spread wireless. The In-vehicle router consists of a 
built-in 802.11b/g Wi-Fi access point making it a mobile hotspot. It also can be configured to 
work and switch through the connections automatically to find the best connection. It can change 
from Wi-Fi to 4.9GHz broadband or LTE and other services.  The oMG has a built-in GPS 
receiver and microcomputer, enabling different applications such as vehicle tracking, vehicle 
telemetry, and remote device access that can be accessed by OnBoard Mobility Manager. Many 
advantages can be gained from the oMG. It reduces the operating costs for remodeling the 
infrastructure to be compatible with the new features and technology, it connects all wired and 
wireless devices in the car, it supports all connections available Wi-Fi and cellular, and it is 
capable of hosting 3
rd
 party applications. 
OnBoard Mobility Manager 
The oMG is just a part that the InMotion system provides while the motherboard that 
controls everything is called OnBoard Mobility Manager (oMM). oMM collects data from the 
115 
 
oMGs and analyzes it and it manages the entire mobile network.  It supports remote management 
of each oMG configuration. In fact, it gives the administrative users the ability to remotely 
reconfigure oMGs individually over the air. oMM offers many features including location based 
reporting, real-time view of entire mobile network, and includes a color coded dashboard.   
Location Based Reporting uses GPS data provided by the oMG to deliver a location-
based view of management information. A map view of chosen oMGs will show the last-
reported locating with color coding to indicate the status of the units. Microsoft Maps (Bing) is 
the default map. In addition, Google or ESRI can be selected by the user. Also, reports are 
accessible in mapped display formats for network coverage, network utilization, and system 
utilization. oMM is also capable of trailing all oMG users and show their exact path and the 
connection strength. Another application is to show the bandwidth consumption (Figure 76).  
 
Figure 76: Bandwidth and Coverage (InMotion) 
 
The system aids in viewing graphical snapshots of data received and transmitted for each 
oMG on each network while highlighting heavy users. Also, it provides an event viewer to 
troubleshoot the oMGs remotely by viewing their data. Figure 77 below is a typical display for 
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the supervisor. He or she can manage the system by analyzing each vehicle’s connection and 
running time. 
 
Figure 77: Link Utilization Report and Availability Trend (InMotion) 
 
Applications for OnBoard 
There are many applications that can be used with oMM, such as onBoard Nav, onBoard 
Telemetry, onBoard Tracker, and onBoard Total Reach. OnBoard Nav is an application that 
enables organizations to interconnect with their users and provide voice-guided navigations 
compatible with Garmin personal navigation devices (PNDs) connected to the onboard Mobile 
Gateway. Dispatchers can communicate effectively with units, providing precise destination with 
voice-guided turn-by-turn navigation and two-way messaging. In addition, it enhances the 
communication with the driver by direct messaging. Broadcasting messages can be sent to a 
group or to a single car. It is important to notify the driver of any misunderstandings as well as 
any warnings that the driver needs to be aware of. This application increases the safety of the 
driver because the voice-guided navigation will decrease the time the driver spends looking at 
the screen. Additionally, it provides one-press response to multiple questions minimizing the 
distraction to write or call back. It also saves time because the screen will show the next 
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destination automatically without the need to call or request the dispatcher (Figure 78).  
Furthermore, it reduces the cost for buying new systems and equipment that would be 
implemented in the units since PNDs can be easily bought and replaced if needed. All of these 
features will create a satisfaction of the drivers, dispatchers, and customers. 
 
Figure 78: Vehicle Area Network (InMotion) 
 
In addition to these features, the drivers’ ID and status will be known at all times. This 
monitors each vehicles status and their history route can be accessible at any time to check 
previous routes.  
OnBoard Telemetry 
Another application used by InMotion is onBoard Telemetry. It provides a 
comprehensive data and status of the vehicles to the operators and maintenance staff and thus 
helps reduce unexpected breakdowns in the field. For example, it displays live status information 
such as fuel level, speed, gas mileage, engine temperature, and engine code unauthorized usage 
of the vehicle (Figure 79). In addition, it shows how the drivers are behaving and how often they 
perform routine maintenance especially when there are issues with the vehicle. Email alerts are 
delivered if speeding occurs or diagnostic trouble codes. This enables the dispatcher to supervise 
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the performance of the units and maintain a healthy status. The following screenshot is a typical 
OnBoard Telemetry display. 
 
Figure 79: OnBoard Telemetry Display 
 
OnBoard Total Reach and Tracker 
 OnBoard Total Reach allows an authorized IT team to remotely administer all 
communication devices that are associated with oMG. This is helpful because there is no need to 
stop the vehicle for troubleshooting any devices in the system. The IT team is capable of 
troubleshooting the problem wirelessly and resolve it if applicable. A different application from 
the total reach is onBoard Tracker.  
 
Figure 80: OnBoard Tracker (InMotion) 
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It gives organizations the ability to deliver information when needed. It uses the GPS to analyze 
the history of the car to improve vehicle usage. As it can be seen in Figure 80, the ability to 
check the history and current location can be easily accessed by the manager. In addition, traffic 
updates can be obtained in real-time form, which allows operators to assist with the routes and 
directions. If this was used in an ambulance, the dispatcher could guide the units around the 
congested traffic areas. 
Results 
InMotion Company received their customers’ feedback in October 2012 and it showed 
the following: 94% rate their experience with their company as good/excellent, 94% rank their 
team as very professional, 95.2% say their support responsiveness is good/excellent, 98.1% say 
they are getting good/excellent value from their system, and 99% of their customers will 
recommend them to others. 
3.2.8. C-Com 
C-COM has established a mobile self-pointing satellite that auto arranges antennas. This 
allows the delivery of broadband satellite Internet services to mobile environments regardless of 
their location. Antennas come in eight different sizes and connect with a large number of readily 
available satellite modems. Antennas can mount easily on top of vehicles creating a portable 
VSAT platform. The satellite antenna systems are powered by standard 12 Volt DC car batteries.  
The antennas can be activated by a single click. When activated, it will promptly lock into a 
satellite, providing broadband mobile internet access. This lets the user contact emergency help 
if required. Many benefits were introduced with C-Com satellites. The first benefit is one-stop 
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mobile internet solution. It can provide internet service with great quality and support. Secondly, 
it is compatible with many satellite technologies and satellite internet services providers 
worldwide. Thirdly, it uses a strong actuator to position the dish precisely, allowing for 
maximum signal strength. Lastly, it can be installed anywhere. This gives the customers the 
ability to contact anyone; in fact, it has been used many times to contact different departments. 
3.2.9. Locution Systems 
Locution Systems was founded in 1993. The company provides fire station control 
systems in order to improve response times. They have used station controller products and 
station alerting systems designed specifically to improve Firefighter and EMS responses. There 
are a couple of applications that Locution Systems employs. CADVoice is an automated 
dispatching system that works with Computer-Aided Dispatch (CAD) system. The 911 
dispatcher recognizes the location of the call and then uses their CAD system to determine which 
unit should respond to the emergency. Dispatchers evaluate the recommendations of the CAD 
system, confirm it, and then send the dispatch as a data packet including all the information to 
Locution System server. CADVoice automatically routes the data containing the dispatch 
specification via high speed network. After it has been received, it will be spoken very clearly for 
the unit that is being dispatched. The advantage here is having the ability to handle higher call 
volumes without adding staff and reducing call volumes between the units and the dispatcher. 
This, in turn, will improve response times and reduce system upgrade and maintenance costs. 
The CADVoice is compatible with standard CAD systems, Microsoft Windows, and remote 
diagnostics and upgrades. 
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 The automated voice is based on a pre-recorded audio database that uses text-to-speech 
technology. When a text is entered into CAD, the system automatically converts the information 
into speech and dispatches the appropriate units. Another product that is compatible with 
CADVoice is CADVoice Radio - a supplement to the CADVoice. After the CADVoice audibly 
announces the dispatch information, the orders get transmitted through the CADVoice Radio to 
fire station departments. This move will help emergency responders who are in vehicles or in any 
location with a PA system to hear the dispatch and attend to the emergency. CADVoice Radio 
provides single and multiple channel options, custom integration with other radio systems if 
needed, message prioritization capabilities based on the urgency of dispatchers, and automatic 
message shortening when multiple messages are in queue to speed up the announcements.  
 In addition to the components of the systems that are being introduced, Locution Systems 
have implemented another component of theirs called CADVoice ZoneTracker. The idea of 
ZoneTracker is to alert only the units that are needed without distracting the others. ZoneTracker 
was applied to decrease the negative effects of sleep deprivation by notifying only the units who 
are receiving the call in the middle of the night without waking up the other units. ZoneTracker 
is software that can be installed in a touchpad and used from the units to insert their location for 
the night. It has a wireless alternative if this is more convenient. By applying this method, more 
units will get better rest because they will not be waking up every time there is an emergency. 
Therefore, these improved sleeping patterns result in a better focus and shape when responding.  
Another product that was introduced as a component of the Locution Systems is 
CADVoice Fire Station (also known as ‘flagship’).  Flagship is an automated dispatching and 
alerting system that is compatible with CAD systems. It removes the need for dispatchers to 
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orally deliver the dispatch information, letting them respond to other emergency calls. Moreover, 
it provides the responding units with clear accent that is easy to understand in demanding events. 
CADVoice Fire Station includes full-automated visual signs and fire station control that can be 
activated at fire stations to make responding units aware and decrease turnover time. Depending 
on which unit is being dispatched, Locution assigns them with a specific color. Also, LED reader 
boards are available in single or multiple line versions. It also has a timer to gauge the unit 
turnout time. Another way to make the unit that is being dispatched aware of the emergency is to 
have Digital Addressable Lighting Interface (DALI) lighting which gives each light an address 
so it can be controlled individually by a computer. Focusing on the midnight responses and how 
to wake the units up, Locution developed incremental tone alerts and lighting. When an 
emergency occurs in the middle of the night the alert tones will gradually increase to reduce the 
stress and anxiety when waking up. In the same manner, the lights will graduate at night to 
reduce stress. The percentage of light will increase from 0% to 100%, allowing time for the 
responders’ sight to adjust. 
3.3 K2SL Solution 
 The 9-1-1 call process is subject to many delays which affect response time; thus, 
minimizing these delays can make a big difference in saving lives. In addition to minimizing 
delays, helping the caller handle an emergency before help arrives can also make a difference in 
patient care.   
It is evident that having qualified and efficient response teams is a priority. The main 
delay classifications were identified as people, environment, and technology. Understanding how 
these delays occur will aid in reducing response time. The results obtained indicate that lack of 
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updated equipment, training, and available personnel are the main reasons for slower EMS 
response times. Figure 81 below describes the relationship between the variable delays, the data 
assimilation efficiency, and the communication checklist. 
 
Figure 81: K2SL Solution 
  
Delays start accumulating from the moment a 9-1-1 call is placed, until help is provided 
at either the emergency scene or a hospital. Ideally, the time response should be kept under seven 
minutes. Thus, the call taker needs to obtain the caller’s information in an effective manner by 
asking the appropriate questions. This also applies to the caller, who should be prepared to 
provide useful information. 
The Variable Dispatch Time Delays (VDTD) are, by definition, the ones that can be 
reduced. In order to achieve this, the call taker should collect the caller’s information more 
effectively. The digital checklist that the team created is one of the possible solutions. This 
checklist contains the Emergency Medical Dispatch Guidecards, detailing the general dispatch 
procedures that dispatchers should adhere to. Using this method, the call taker has Augmented 
VDTD 
IDCC 
 
 
 
ADAV 
VDTD: Variable Dispatch Time Delays 
ADAV: Augmented Data Assimilation and 
Visualization 
IDCC: Interactive Dial Communication 
Checklist 
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Data Assimilation Visualization (ADAV) by being able to provide accurate and useful advice 
more efficiently, which will in return speed up the overall 9-1-1 call process.      
Understanding this, the team began to develop a user interface that enables 9-1-1 call 
takers to more easily assist callers with handling an emergency before help arrives. The K2SL 
Interface digitalizes the information from the Emergency Medical Dispatch Guide cards 
(EMDG), and displays pertinent information based on the information received by a call taker. 
The initial screen is similar to many CAD programs, it allows call taker to input basic 
information on an emergency (Figure 82). Once the information is entered into the system it 
dynamically changes based on the specific emergency.  
 
Figure 82: Initial Interface Display 
 
 If the patient is conscious and able to talk then the program prompts the call taker to input 
more detailed information about the incident in order to gain a better understanding on the 
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situation (Figure 83). The program asks for the age, sex, and chief complaint of the victim. Once 
this information is entered by the call taker, steps on how to handle the emergency are displayed 
so it can be relayed to the caller.  
 
Figure 83: If Patient Is Conscious 
 
 In the event that the patient is unconscious and unable to provide information, the system 
will prompt the call taker to gather more information, and give assistance over the phone if it is 
necessary (Figure 84). From this point the call taker is in a better position to understand the 
situation and relay this information to the units that are responding to the call. Also, while units 
are still in route to the emergency the call taker is able to walk the caller through basic 
emergency care, increasing the level of patient care. This is advantageous in both non-life 
threatening and life threatening injuries. If the emergency is not life threatening then actions 
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taken before help arrives could prevent a patient from entering a more serious condition. In a life 
threatening situation the care provided before the arrival of emergency units could mean the 
difference between life and death.  
 
Figure 84: If Patient is Unconscious 
 
3.4 Ethical and Professional Standards 
Ethical and professional conflicts are present in the daily practice of emergency medical 
care. In order to keep the public’s trust, emergency responders must maintain a professional and 
ethical level of honesty and integrity. Dispatchers and call takers have to be fair and professional 
while performing their duties as their actions affect the lives of all people who utilize the 9-1-1 
system. According to the National Association of Emergency Medical Services Physicians 
(NAEMSP), there are three fundamental ethical premises that guide pre-hospital medical care.  
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“The principle of justice implies that the system is fair and equitable. The 
principle of beneficence requires that actions and intentions are in the best 
interest of the patient. Respect for patient autonomy dictates that the requests of 
the patient are honored and nothing is done which is contrary to the wishes of the 
patient” (NAEMSP).  
With this project, we strive to make the emergency response system more fair and 
professional with the expectation of better patient care.  
3.5 Conclusion 
The delays in each 9-1-1 call process segments were studied. This allowed the team to 
develop the controlled system on which the mathematical equations are based. These equations 
would aid in the testing and evaluation of future 9-1-1 dispatch systems. Then, the 9-1-1 systems 
that are currently in use were researched. These systems are useful for a variety of reasons. Some 
of the most important commonalities between the systems are: the ability to implement real-time 
GPS, compatibility with Computer Aided Dispatch (CAD), interconnectivity between emergency 
responders and system operators, and immediate system overview. Other useful abilities include 
real-time equipment malfunction notification, and emergency vehicle preemption – as seen in the 
Opticom and InMotion systems. Additional valuable capabilities are implementing CADVoice 
and CADRadio. Using the equations from the control theory and the information collected from 
the system research, the team was able to develop the K2SL Interface. This interface digitalizes 
the Emergency Medical Dispatch Guidecards (EMDG), which contains the general dispatch 
procedures that dispatchers should adhere to.  
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CHAPTER 4. CONCLUSION AND REMARKS 
This project has focused on identifying the problems that affect current 9-1-1 systems. 
Having conducted our research, it is evident that having qualified and efficient response teams is 
a priority. Otherwise, a slower response time could prove fatal. The global population increases 
exponentially, while the number of EMS units is not growing at the same rate. This has greatly 
affected the workload of responding units, reducing their efficiency. Therefore, first responding 
organizations have sought alternate solutions to the time response problem.  
Numerous 9-1-1 systems have been implemented across the United States with different 
success rates. Chapter two presented demographical data for various states, as well as their 
response times. In order to accurately assess why nationwide response times have high variation, 
it is necessary to understand all the steps in the 9-1-1 call process. These steps were analyzed and 
detailed in this chapter, as well as the delays that are present in each. The main delay 
classifications were identified as people, environment, and technology. Understanding how these 
delays occur will aid in reducing response time. People and environment are the two variables 
which are difficult to manage because of their variability. On the other hand, technology will 
seldom be unreliable. Technological solutions are already present in most 9-1-1 systems; but, in 
many cases, the equipment and technology need to be upgraded. 
Some of the 9-1-1 systems that are currently used are also presented in chapter three. This 
chapter explains how these solutions have been tested, implemented, and modified to fit the 
needs of particular situations. Furthermore, it summarizes the commonalities among the systems, 
helping identify which characteristics are the most useful for the response teams. Since 
technology is, in a sense, more dependable than people, it is clear that improving this section will 
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have the biggest impact in reducing response times. Our team also created a mathematical 
description of the 9-1-1 system delays. This way, we can understand the effect that reducing one 
type of delay will have on the whole system. Lastly, we developed a user interface that allows a 
9-1-1 operator to dispatch units more efficiently. The program is a prototype that could be 
modified in order to appropriately assist dispatchers in specific situations.  
The results obtained indicate that lack of updated equipment, training, and available 
personnel are the main reasons for slower EMS response times. These problems are also 
worsened by the recent financial crisis and the budget cuts that it has led to. The difficulty in 
improving response times in the long term arises because of planning and infrastructure 
differences between and within states. EMS and other first responder organizations need to 
maintain updated equipment and technology; the problem is that, for some regions and counties, 
this requires a big initial investment. If every county in the nation had access to the Opticom 
GPS system and Next Generation 911, the EMS time response problem would be almost 
completely solved. Of course, this is not a feasible solution, but any steps in that direction would 
be a major improvement in the EMS system.  
 To conclude, some of the project’s limitations and future improvements have to be 
discussed. One of the most evident limitations was encountered at the start of our research. Many 
of the EMS agencies did not have readily available data for the latest years. Collecting this data 
is time and resource-consuming, yet we believe that it is an extremely useful tool for comparing 
and improving time response across different regions. Additionally, EMS organizations are 
under a lot of pressure to keep their response times low, which could lead to inaccuracies when 
recording and stating their response time figures. Future improvements to the project could be 
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achieved regarding funding and financing research, and continuing the K2SL Interface 
development. It would be useful if future Interactive Qualifying Project or Major Qualifying 
Project teams build on our achieved work. Those teams would determine how EMS agencies 
could increase their funding in order to acquire more advanced systems. Furthermore, 
researching how each system would be implemented in each region was too time-consuming for 
our project’s duration. This involves understanding the governmental infrastructure differences 
between states, including laws, policies, organizations, and practices.  
This Interactive Qualifying Project provided a very fruitful learning experience. Our four-
student, multidisciplinary team enveloped different cultural backgrounds due to the varied 
nationalities: Algerian, American, Mexican, and Saudi Arabian. These differences created a 
work environment that our team had not encountered before. Throughout the year, we learned to 
develop a productive system based on clear communication and strict deadlines. We learned how 
to set our objectives, plan our approach, as well as to gather and present the collected data in an 
effective manner.  Most importantly, this experience will serve as great preparation for any 
future projects. 
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APPENDICES 
Appendix A. Emergency Phone 
 
 
The image above shows a typical emergency phone used on the Worcester Polytechnic 
Institute campus. The phone provides the exact location of the caller to campus police during 
emergencies, which expedites response times. The purpose of the phone is to provide WPI 
residents and faculty access to emergency services if the need arises. They are placed 
strategically around campus to be accessible. 
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Appendix B. 9-1-1 Call Process  
 
 
 
When a 9-1-1 call is placed it is handled differently depending on the what kind of device 
a caller is using. If a cell phone is used, the call is routed based on which cellular towers it is 
connected to. Once the call is connected it can be forwarded to closer call center if the need 
arises. Once a call taker answers the call, information is gathered from the caller. This 
information is then used to dispatch the appropriate unites. This diagram is based on the 
background information obtained from Portland Fire & Rescue. 
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Appendix C. Delay Factors 
 
 
We categorized delays into three groups: people, environment, and technology. Each one 
of these groups contains a subset of delays. The diagram contains some of the more common 
delays; it is not a full list of all the possible delays.   
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Appendix H. Control Theory Model 1 
 
 
The model above shows a mathematical representation of how to study delays are studied 
within each state. As it has been presented in chapter two, specific characteristics need to be 
evaluated in order to have a good understanding of the typical 9-1-1 caller. Furthermore, 
depending on the device used to make the call, the system will carry information along to the 
PSAP through DACAR.   
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Appendix C. Technical 9-1-1 Call Process 
 
The previous diagram illustrates how delays accumulate throughout the 9-1-1 call 
process. These delays can occur at any point in the process and will compound with future 
delays.  
Appendix D. 9-1-1 Process Segmentation 
 
The diagram above is a general representation of the 9-1-1 process segmentation. It 
shows how delays can occur while dispatching first responders.  
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Appendix E. Initial Interface Display  
 
 
The figure above is the initial K2SL Interface display. The call taker enters the nature of 
the emergency into the program. The emergency location, call back number, and caller’s name 
are also recorded. According to the emergency, the caller asks if the person requiring assistance 
is able to talk.  
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Appendix G. If Patient is Conscious 
 
 
If a patient is conscious then a call taker is able to record information about the incident. 
The information includes the age, sex, and chief complaint of the patient. Based on this 
information, the proper information is displayed to the call taker so they can better assist a caller 
during an emergency.  
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Appendix H. If Patient is Unconscious 
 
 
When a patient is unconscious the call taker is not able to gather the same amount of 
information as when they are conscious. In this case, the call taker asks the caller to describe the 
situation so that proper care is given to the victim.  
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LIST OF EQUATIONS 
 
Equation (1) – Position of the State 
 ̇= f(x(t)), xt(θ), µ 
Equation (2) – Time Delays 
τt= τo+ ϵσ(t) 
Equation (3) – The Set of Delay Parameters 
µ= µ1+µ2…µk 
Equation (4) – The Banach Space 
C ([-τ, o], n) 
Equation (5) – VOLD Summation of Population Density and Call Volume 
∑     
 
   
 
Equation (6) – VOCP Summation of Population Density and Call Volume 
∑     
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Equation (7) – VOIP Summation of Population Density and Call Volume 
∑     
 
   
 
Equation (8) – Error Equation 
 ( )   ( )   ( ) 
Equation (9) – Call Transfer Speed 
 ̇( )       (    ) ( )   ( )  
Equation (10) – Information Transfer Speed 
  ( )       ( )      ( )     ( )    (     ) 
Equation (11) – The Feedback Controller Equation 
  ( )       ( )    { (    ( ))   ( )}       (    ( )   ( )    (     ) 
